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Introduction 


It is a military truism that the survival and 
fighting efficiency of the soldier depends upon 
a combination of firepower, protection and 
mobility. The right blend of these three basic 
ingredients allows the soldier to close with his 
enemy and kill or disable him: without fire- 
power the soldier can make efforts that are, at 
best, only raids or reconnaissances; without 
protection the soldier is all too liable to de- 
struction before he can close with his enemy; 
and without mobility the soldier cannot bring 
his firepower to bear effectively. 

History is littered with early examples of 
man's ingenuity in trying to produce such a 
blend, ranging from Egyptian war chariots and 
the Roman testudo (tortoise) formation of 
overlapping shields, to the protected and 
mobile siege engines of the mediaeval period 
and the Hussites' armoured wagons in Central 
Europe during the early 15th century, The ad- 
vent of firearms and cannon marked a radical 
shift in man's approach to war, and emphasis 
then shifted from a blend of the three basic in- 
gredients towards firepower and manoeuvre, 
it being thought that adequate protection 
against gunpowder weapons was impossible 
for all but increasingly impressive fortresses. 
The increasing capability of artillery in the 19th 
century was accompanied by an increase in 
weight, and this further reduced the mobility of 
armies’ heavier firepower. Finally, the condi- 
tions leading to the static situation that prevail- 
ed in the First World War arrived, with the 
development of the magazine-fed repeating ri- 
fle and finally the machine-gun. 

Some men were indeed aware of the 
deteriorating circumstances imposed by lack 
‘of mobility and protection against increasingly 
lethal firepower, but most armies were content 
10 keep on their established courses. The 
great limitation was, of course, lack of power 
(except for the vulnerable and limited horse) 
for any type of genuine battlefield mobility. The 


breakthrough came in 1885 with the German 
invention of the spark-ignition engine by Gott- 
lieb Daimler. It took some years for the in- 
ternal-combustion engine to reach any level of 
maturity and reliability, and in the interval 
there were many attempts to provide massive 
steam traction engines with protection so that 
they could be used on the battlefield, mainly as 
tractors for heavy artillery. From 1898, many 
inventors sought to produce battlofiold 
vehicles on the basis of cars fitted with armour 
protection and one or more machine-guns, but 
the automotive state of the art had yet to reach 
the stage where such primitive armoured cars 
had any practical battlefield value. From 1910, 
however, the armoured car became increas- 
ingly feasible and reliable, though it was 
limited to road and undemanding cross- 
country movement. 

What was needed was a true cross-country 
vehicle with an automotive system allowing it 
to tackle any type of going, with the power to 
carry a useful weight of protection and 
weapons, and with the size to accommodate 
the crew required to handle the vehicle and its 
armament. The first realistic proposal for such 
a 'landship' came from an Austro-Hungarian 
officer in 1911, and in the next few years com- 
parable designs were evolved in Germany, 
Russia, the UK and the USA. The key to these 
efforts was caterpillar-tracked agricultural 
vehicles such as the Bullock Creeping Grip 
Tractor, the Holt Tractor, the Killen-Strait Trac- 
tor and the Diplock Pedrail. Though they dif- 
fered considerably in reliability and overall effi- 
ciency, these marked a considerable advance 
in cross-country mobility, by adopting an 
endless-loop system of propulsion, a track- 
laying concept that placed far greater pro- 
pulsive area on the ground, for a combination 
of more traction and lower ground pressure. 
Developed to a fair degree of practicality in the 
USA and the UK, these tractors were an ob- 
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vious starting point for the evolution of a ‘land- ference on the part of the military. 
ship’ fighting vehicle, but the enthusiasm of The First World War was to change all that. 


civil advocates was met by virtually total indif- 


The Infant Giant 


The tank appeared as a practical weapon in 
the First World War, and whatever its theoreti- 
cal and technical antecedents, in its initial 
forms it was a true child of that grim conflict. In 
the first weeks of the war the Germans had 
carried all before them in a huge sweeping of- 
fensive into north-eastern France; but then 
their reliance on horse transport, and the 
sheer exhaustion of so great and so rapid an 
advance, had told on the German infantry. The 
all-important right wing formed by the German 
First Army crossed the Marne river to the east 
of Paris, rather than the Seine river to the west 
of the French capital. The Germans had 
deviated from von Schlieffen's master plan, 
and in the first Battle of the Marne (5-10 
September 1914) the Allies inflicted a first ma- 
jor reverse on the Germans, who recoiled to 
the line of the Aisne river, slightly to the north. 
The Allies were slow to pursue their initial ad- 
vantage, and failed to dislodge the Germans 
from their extemporized positions along the 
Aisne (15-18 September 1914). Thereafter 
each side sought to find the other's exposed 
northern flank in a northward extension of the 
front, generally known as the 'Race to the 
Sea'. By 24 November 1914, both sides had 
reached the southern coast of the English 
Channel in the vicinity of Nieuport, and after a 
furious 10-day general offensive by the Allies 
between Verdun and Nieuport it became clear 
that operations of a fluid nature were over, at 
least in the short term. The opposing sides 
were now located in entrenched positions 
from the English Channel to the Swiss frontier, 
busy digging themselves in and shielding their 
positions with barbed-wire entanglements 
covered by machine-gun posts and field artil- 
lery. 

The generals could see no alternative but to 
enter into a confrontation in which increasing- 
ly huge artillery bombardments were used to 
destroy the enemy's barbed wire and 


machine-gun posts, so that the infantry could 
storm forward as soon as the barrage lifted. 
The fallacy of this concept became abundantly 
clear as 1915 progressed. The artillery bar- 
rage revealed the location of an impending of- 
fensive, allowing the enemy to muster his 
reserves behind the front in the relevant sec- 
tor; At the same time, the barrage inevitably 
failed to cut more than a slight proportion of 
the wire, and generally failed to achieve more 
than superficial destruction of the enemy's 
system of interlocking trenches and machine- 
gun posts, but churned up the area so badly 
that infantry advances were slow and 
fragmented. Finally, the lifting of the barrage 
provided the enemy with the tactical warning 
that allowed his men to emerge from their 
bunkers, man their firing positions and, per- 
haps most importantly, crew the machine-gun 
posts sited to defilade the attacking infantry. 
Battle after ghastly battle proved during 1915 
that, while the technology of the period could, 
on the one hand, rapidly strengthen trench 
systems, on the other hand it provided no easy 
means to defeat the combination of barbed 
wire and machine-gun. The poverty of im- 
agination of the period's military leadership 
provided no alternative to head-first offensives 
designed to puncture the enemy's front line 
and allow the cavalry to stream through into 
the enemy's rear areas, exploiting the 
breakthrough in preparation for the following 
infantry. 

The roll-call of disastrous failures in 1915 
makes sorry reading: Artois, Champagne, 
Woevre, Second Ypres, Second Artois (Festu- 
bert, Souchez and Vimy Ridge), Second Cham- 
pagne, and Third Artois (Second Vimy Ridge 
and Loos) were grisly battles in which the 
Allies lost hundreds of thousands of men in 
battering-ram attempts to break through the 
steadily solidifying German line. Gains were in- 
deed made, but these gains were measured in 
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hundreds of yards only, and never once was 
there any chance of a genuine breakthrough 
and the unleashing of the cavalry. As the year 
progressed, the chances of the anticipated 
breakthrough became increasingly remote, 
but the generals remained optimistic. Another 
problem that they failed to consider was the 
nature of any breakthrough: even if the cavalry 
had been introduced through a rupture in the 
enemy's line, it is hard to see what success 
could have been achieved, even with the 
unlikely support of the plodding infantry. 
Although the concept of a caterpillar- 
tracked 'landship' had enjoyed considerable 
currency in the period leading up to the First 
World War, it failed to find any measure of ac- 
ceptance among military leaders, many of 
whom had little or no knowledge or apprecia- 
tion of science and technology: indeed, many 
of the combatant nations' senior generals 
were still trying to come to grips with the 
nature and effect of technology which was 
already established, such as modern artillery 
and the machine-gun. One British convert of 
singular importance, however, was Lieuten- 
ant-Colonel E.W. Swinton, assistant secretary 
of the Committee of Imperial Defence. Serving 
in France as a reporter during 1914, Swinton 
Soon appreciated that his existing fears about 
the machine-gun's role in defensive warfare 
had been realized. However, he also saw Holt 
caterpillar tractors being used as tow vehicles 
for heavy artillery, and envisaged the possibili- 
ty of fitting such tractors with armoured bodies 
for the transport of assault parties (or light ar- 
tillery) through no-man's land and over the 
barbed wire for direct assaults on the 
machine-guns that tore apart every infantry 
assault. Swinton reported back to his im- 
mediate superior, Lieutenant-Colonel Maurice 
Hankey, the secretary of the Committee of Im- 
perial Defence, who passed on Swinton's no- 
tions to the Imperial General Staff and to Lord 
Kitchener. The IGS and Kitchener rebuffed the 
concept immediately, mostly on the grounds 
that any such ‘Trojan horse’ would be 
catastrophically vulnerable to artillery fire. To 
a certain extent the authorities were correct, 
for Swinton's concept envisaged a massive 
machine able to transport some 50 men: what 
the pundits ignored, however, was the difficul- 


ty for the artillery of the period in engaging a 
moving target at all, except at such close 
ranges that the artillery would be left hopeless- 
ly exposed to counter-battery fire. 

The problem faced by Swinton and other ad- 
vocates of the embryonic tank concept was 
how to convince their sceptical superiors 
about the technical feasibility and tactical ad- 
vantages of their novel concept. The decisive 
moment was perhaps the Christmas period of 
1914, when Hankey wrote a memorandum on 
the progress of the war to date and included 
amongst his recommendations the desirability 
of some sort of armoured protection for infan- 
try assaults. The memorandum was circulated 
within the Committee of Imperial Defence, 
which numbered amongst its members the 
First Lord of the Admiralty, Mr Winston 
Churchill. Ambitious for himself agd for the 
service whose political fortunes he controlled, 
Churchill was an unorthodox thinker, ready to 
accept and develop apparently impossible 
ideas. Hankey's interim recommendation 
therefore found a ready supporter in Churchill, 
who was already aware of the progress being 
made by the Royal Naval Air Service in the 
development and procurement of armoured 
vehicles for use in northern France and 
Belgium by the Naval Armoured Car Division. 

Churchill responded to the  Hankey 
memorandum with a note of his own to the 
Prime Minister, Herbert Asquith, criticizing the 
army's apparent antipathy towards the notion 
of trench assault by the use of special cross- 
country vehicles carrying armour protection. 
In typical fashion, Churchill warned that the 
Germans might already be working along the 
lines eschewed by the War Office, and urged 
the creation of a committee of engineer of- 
ficers and other experts to consider the con- 
cept of cross-country armoured vehicles. As- 
quith was impressed by Churchill's arguments 
(and indeed deliberately raised fears that the 
Germans might already be at work on the sug- 
gested lines, when there was no evidence 
either direct or indirect for this fear) and induc- 
ed Kitchener to order such a committee into 
existence. 

The committee comprised the War Office's 
directors of fortification, artillery and trans- 
port, and was tasked with a thorough evalua- 
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tion of the suggestions made by Swinton and 
others. On 17 February 1915 the committee 
witnessed trials with a Holt tractor towing a 
trailer ballasted to simulate the weight of men, 
guns and armour: in fact Swinton had never 
proposed so unwieldy an arrangement, and in 
extremely wet conditions the trial was judged 
a failure. The committee therefore reported 
negatively, on the grounds that the tried 
system was too unwieldy and thus vulnerable, 
going on to claim that in any event the war 
would have ended before a practical system 
could be evolved. Having fulfilled the wishes of 
1he politicians, the army allowed any current 
interest in the concept to lapse. 

The torch now passed to the Royal Navy, in 
the form of the RNAS, which was already using 
powerful touring cars fitted with armour and 
machine-guns for the mobile defence of its air 
bases at Calais and Dunkirk. These vehicles 
were very limited by their origins, but the value 
of armour protection was sufficiently impres- 
sive for the RNAS commander, Captain 
Murray Sueter, to urge on Churchill the 
development of armoured vehicles on the 
Diplock Pedrail crawler chassis for greater 
cross-country mobility. The RNAS was alive 
with interesting concepts at this time: one of 
the most ambitious ideas, proposed by Flight- 
Commander Thomas Hetherington, transport 
officer of the RNAS Armoured Car Division, 


was a ‘land battleship’, based on a tricycle 
chassis whose 800-һр (596.5-kW) dioco! 
powerplant was to drive three 40-ft (12.2-m) 
diameter wheels to allow this massive ma- 
chine to cross German trenches, which were 
2.75 m (9 ft) wide. The ‘land battleship’ was to 
carry prodigious armament in the form of 
three turrets, each fitted with two 4-in 
(102-mm) naval guns. 

Such a machine was clearly impractical, 
but on 15 February 1915, Hetherington was 
called to describe his concept to a receptive 
Churchill. Full of enthusiasm, on 20 February 
4915 the First Lord of the Admiralty ordered 
the establishment of a Landship Committe 
under the chairmanship of Mr Eustace 
Tennyson d'Eyncourt, the Director of Naval 
Construction. The committee included Hether- 
ington and a number of engineer and tranoport 
specialists, with Lieutenant Albert Stern as its 
secretary, and its initial brief was the assess- 
ment of the two different ‘land ship’ concepts 
embodied in Sueter's tracked and Hether- 
ington’s big-wheel notions. While the commit- 
tee was still assessing the two options, on 26 
March the impetuous Churchill ordered pro- 
totypes of the two types, in the form of 12 
tracked and six wheeled machines, the latter 
sensibly scaled down with 15-ft (4.57-m) dia- 
meter wheels. The development of the tracked 
prototype was entrusted to Colonel Crompton, 


Coupled Bullock tractors 


were amongst the units 
investigated in the 1915 
trials at Burton-on-Trent 
assess the 
various types of 
commercial tracked 
chassis. (RAC Tank 
Museum) 
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a highly capable, though elderly, engineer with 
a wealth of transport experience, aided by 
Lieutenant W.G. Wilson of the RNAS armoured 
car force, and a pre-war automotive engineer 
of great repute. The big-wheel prototype was 
contracted to a Lincoln firm, William Foster 
and Co. Ltd under the managing directorship 
of Sir William Tritton: the company's Foster- 
Daimler petrol-engined tractors were already 
in. service with the Royal Marine Artillery as 
heavy gun tractors, and it was thought that the 
mechanical system and other components of 
these vehicles could be adapted for the pro- 
posed big-wheel machine. 

One of the initial conclusions of the Cromp- 
ton team was that the Diplock Pedrail could 
not be used as the basis of a machine for ser- 
vice in France, as its length of more than 40 ft 
(12.2 m) made it too unwieldy to negotiate the 
types of bend commonly encountered on 
French roads and, perhaps more importantly, 
country lanes. At the same time it was also ap- 
preciated that the Diplock Pedrail was 
mechanically complex апа considerably 
underpowered. Work on adaptation of the first 
chassis was abandoned in May 1915, and the 
chassis was handed over to the army, which 
also abandoned the type. 

The Crompton team deemed that an articu- 
lated chassis would be needed for a machine 
able to operate in France, and after trials with 
an exagricultural machine on Greenhithe 
marshes an order was placed in the USA for 
two Bullock Creeping Grip Caterpillar tractors. 
It was appreciated that the Bullock machine 
was too small to provide the 5-ft (1.52-m) 
trench-crossing and 2.5-ft (0.76-m) parapet- 
climbing capabilities which had been fixed as 
minima by the Landship committee, so at the 
same time additional track and suspension 
components were ordered so that larger 
machines could be developed. The two 
Bullocks were delivered in June 1915 to the 
new RNAS testing ground at Burton-on-Trent, 
where Wilson was in command of the test 
programme. 

Meanwhile Fosters had completed their 
mock-up of the big-wheel proposal with 15-ft 
(4.57 m) diameter wheels. It was abundantly 
clear that the machine was too big and pon- 
derous to have any real tactical value, and 


would moreover be a considerable target for 
the enemy's artillery. In May 1915 the big- 
wheel concept was formally abandoned, and 
henceforward all development effort was de- 
voted to the tracked machine. Early trials with 
the Bullock machine were essentially en- 
couraging, but realistic assessment indicated 
that the vehicle was still unsuitable for France 
and, moreover, that the coupling between the 
two major units was too weak for service use, 
especially for tasks such as trench crossing. 

Swinton had been working to overcome the 
army's inertia so far as armoured vehicles 
were concerned. Although at first his efforts 
had been unsuccessful on account of the op- 
position of the field army's chief adviser on 
military, engineering, dividends were finally 
paid by his close links with David Lloyd 
George, the head of the newly-created Inven- 
tions Department of the Ministry of Munitions 
who was becomingly increasingly distraught 
with the level of casualties in France: renewed 
army interest was finally evinced. At the same 
time a GHQ officer in France, Major Glyn, had 
been sufficiently impressed with Swinton's in- 
itial approach to press for army liaison with the 
Landship Committee. It was decided at the 
end of June to invite four army representatives 
on to the Landship Committee, which thus 
became a joint-service body with the army's 
Director of Fortifications as chairman. A 
number of RNAS personnel." 7^ transferred 
to the army to ease the tå of bringing the 
new type of weapon to fruition and additional 
impetus was given to the work by an about- 
turn in the attitude of GHQ in France, which 
now saw the new machine as offering a sensi- 
ble alternative to the head-on artillery and in- 
fantry assaults that were continuously proving 
themselves such costly failures. 

Meanwhile Swinton had been evolving his 
particular concept, formalized in a series of 
memoranda reflecting the demands of a front- 
line machine. These thoughts were combined 
in a specification issued on 9 June for a mach- 
ine with the following characteristics: a 4-mph 
(6.4-km/h) maximum speed on flat ground, a 
20-mile (32-km) radius of action, the ability to 
make a sharp turn at maximum speed, a rever- 
Sing capability, the ability to climb a 5-ft 
(1.52-m) parapet with a 1-in-1 slope, the ability 
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ross an 8-ft (2.44-m) trench, a crew of 10, 
end an armament of one light quick-firing gun 
gius two machine-guns. Swinton also called 
$e armour up to 12 mm (0.47 in) thick, and 
=йхтаїе!у a 6-pdr (57-mm) naval gun rather 
Жал the 2-pdr (40-mm) pom-pom originally 
envisaged. 

The Landship Committee had now decided 
38 end further exploration of the articulated 

4 cassis, in favour of a new vehicle roughly 

=quivalent to one half of the articulated mach- 

$e. but engineered for the specific military 

Бетаг of service on the Western Front. On 

2 July (confirmed on 24 July) the work was en- 

‘usted to Fosters, under the design leader- 

=p of Tritton with Wilson as his deputy and 

Ge Landship Committee's representative. 

Ths vehicle was to use the lengthened Bullock 

@ecks and additional suspension units 

егей during May, in combination with the 

Sndard 105-hp (78.3-kW) Foster-Daimler 

petrol engine. 

At last real progress could be made and the 
mew prototype, variously known as the Tritton 
Mechine or No.1 Lincoln Machine, was soon 
‘Sere shape after the start of construction on 
33 August. The vehicle emerged as a box-like 
“ай of boiler plate, the standard Foster 
Powerplant and transmission driving the 
‘Eecthened Bullock tracks low-mounted at the 
"ese of the hull on each side. Provision was 
т in the hull goof for a centrally-mounted 
accommodtting a 2-pdr (40-mm) naval 
(hough only a dummy turret was ever fi 
and steering was effected by a combina- 
(сї differential braking and/or movement of 
‘two 4.5-ft (1.37-m) diameter wheels projec- 
from the rear of the hull on a bogie frame. 
vehicle had an overall length of 26.5 ft 
т), and a height of 10.17 ft (3.10 m), and 
fulfladen weight of some 32,480 lb 
333 kg). With a crew of between four and 
men, it could attain 3.5 mph (5.6 km/h) 
favourable conditions. The No.1 Lincoln 
ine was first run on 10 September 1915, 
immediately encountered problems as a 
of the inadequate Bullock tracks, which 
easily shed and had poor grip, even in 

going. 

Tatton and Wilson realized that the tracks 

have to be completely revised, and laun- 


ched a high-priority effort to produce an effec- 
tive type. Considerable experimental work was 
undertaken before the two men evolved a new 


and mechanically simpler type of track, based 
‘on lengthened track frames with rollers carry- 
ing the tracks proper, each comprising cast 
steel shoes riveted to links fitted with guides 
that engaged the inside of the track frames. 
Fitted with this radically improved type of track 
the No.1 Lincoln Machine became ‘Little 
Willie’, which emerged in December 1915 and 
immediately showed itself superior to the 
original: the tracks were more reliable, and 
allowed Little Willie to cross a 5-ft (1.52-m) 
trench and to climb a 4.5-ft (1.37-m) parapet: 
the equivalent figures for the machine in its 
original form were 4ft (1.22m) and 2ft 
(0.61 m). In other respects, Little Willie was 
similar to the No.1 Lincoln Machine. 

Little Willie was obsolescent even as it 
appeared, however, for even before the No.1 
Lincoln Machine had started its trials, the 
ingenious Wilson had come up with a notion to 
overcome the original design's lack of stability 
when surmounting obstacles. Wilson's in- 
spired idea was to combine the parapet- 
climbing capability of the original big-wheel 
notion with the advantages of the tracked con- 
cept: a new machine was planned on the basis 
of the existing hull, but with the tracks running 
round the full height of the hull and over ‘horns’ 
projecting forward and aft from the hull on 


Shrouded in tarpaulins for 


security purposes, the 
epoch-making No.1 


Lincoln Machine is seen 


at the Foster works in 
Lincoln. Note the Bulloc! 
tracks with negligible 


k 


forward rise, and the rear 


bar connecting the tank 
with the twin steering 
wheels. (RAC Tank 
Museum) 
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Little Willie is seen during 
its trials at Burton Park 
surmounting a sharp rise 
exaggerated by a large 
sandbag. Notable is the 
considerably higher rise of 
the forward end of the 
trackwork. (RAC Tank 
Museum) 
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each side, to provide over the lower forward 
section an arc approximately equivalent to 
that of a 60-ft (18.3-m) diameter wheel. 

The result was the rhomboidal- or lozenge- 
shaped tank that became standard in the First 
World War, combining the parapet-climbing 
superiority of the bigwheel concept with the 
trench-crossing, stability and silhouette ad- 
vantages of the tracked chassis. The Land- 
ship Committee was shown a wooden mock- 
up of Wilson's design at the time of the No.1 
Lincoln Machine's trials in September. As a 
further aid to stability in the revised concept, 
the roof-mounted turret was abandoned in 
favour of a heavier armament located in two 
hull-side sponsons. The specification for the 
vehicle, which was eventually called 'Big 
Willie’, was settled on 29 September: frontal 
armour 10mm (0.39 іп) thick, side armour 
8mm (0.315in) thick, a crew of eight 
(including four men for steering and gear 
changing), a speed of 4 mph (6.4 km/h), and a 
main armament of two 6-pdr (57-mm) guns 
backed by four 0.303-in (7.7-mm) machine- 
guns 

The building of the new machine was 
seriously hampered by labour problems at 
Fosters, where the secrecy of the work was 
such that the men could not be given war 
worker badges and began to leave when they 


were accused of cowardice for not having vol- 
unteered for the services. During construc- 
tion, the machine was variously called ‘the 
Wilson Machine’, ‘the Centipede’ and ‘Big Wil- 
lie’, but finally emerged at the end of 1915 as 
‘Mother’, weighing 62,720 Ib (28,450 kg) and 
capable of 3.7 mph (5.95 km/h) on its 105-hp 
(78.3-kW) Foster-Daimler engine. Built of 
boiler plate, rather than the lightweight press- 
ed steel proposed for the production version, 
the machine was 32.5ft (9.91 m) long in- 
cluding the twin steering wheels at the rear, 
13.75 ft (4.19 m) wide over the sponsons, and 
8 ft (2.44 m) high. In the front of each sponson 
was a naval 6-pdr (57 mm) quick-firing gun, the 
four machine-guns being disposed one in the 
rear of each sponson, one in the bow and one 
at the rear. Naval guns were used, as the 
army's Master General of the Ordnance was 
opposed to the-tank concept and therefore 
refused to release any weapons for use in the 
new machines. 

Mother first ran on 3 December 1915, at 
about the time that the cover name 'water car- 
rier’ (soon amended to ‘tank’) was ordained at 
Swinton's instigation, in preference to the re- 
vealing ‘landship’. After initial and successful 
running trials, Mother was fully completed on 
26 January 1916 and moved, together with Lit- 
tle Willie, to Hatfield Park for two official trials 
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Mother (Tank Mk I) 
(UK) 


Type: battle tank prototype 

Crew: 8 

Combat weight: 62,720 Ib (28,450 kg) 
Dimensions: length overall with steering tail 
32.50 ft (9.91 т); width over sponsons 13.75 ft 
(4.19 m); height 8.00 ft (2.44 m) 

Armament system: two 6-pdr (57-mm) guns with 
332 rounds and four 8-mm (0.315-in) Hotchkiss 
machine-guns with 6,272 rounds 

Armour: between 6 and 10 mm (0.24 and 0.4 in) 
Powerplant: one 105-hp (78.3-kW) Foster- 


Daimler petrol engine with 50 Imp. gal 
(227 litres) of fuel 

Performance: speed, road 3.7 mph (5.95 km/h), 
range, road 24 miles (38.6 km); gradient 24%; 
vertical obstacle 4.50 ft (1.37 m); trench 11.50 m 
(8.51 m) with steering tail, ground clearance 
| 16in (0.406 т) 


and demonstrations. The first was attended 
only by those intimately involved in tank 
development, but four days later on 2 
February the main demonstration was attend- 
ed by such dignitaries as the Secretary of 
State for War (Field Marshal Lord Kitchener), 
the Minister of Munitions (Mr D. Lloyd George) 
and the Chancellor of the Exchequer (Mr R 
McKenna). Both tanks were put through trials 
across terrain very similar to that of the 
Western Front (complete with British and Ger- 
man trench layouts), and Mother was judged 
worthy of production. As the Ministry of Muni- 
tions had in December refused to allow tank 
production, Kitchener ordered Lieutenant 
Stern of the RNAS to the War Office to oversee 
production on a direct basis, and this had the 
desired effect of forcing the ministry's hand: 
on 12 February the ministry ordered the pro- 
duction of 100 tanks based on Mother (25 by 


Again seen during trials at 
Burton Park, this is the 
first true prototype tank, 
known as Mother, and 
noteworthy as the pioneer 
of the ‘First World War 
shape’, with a rhomboidal 
profile and side sponsons 
for the armament. (RAC 
Tank Museum) 


Mother (Tank Mk 1) 
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Fosters and the other 75 by the Metropolitan 
Carriage, Wagon and Finance Co.) in a pro- 
gramme to be overseen by the Landship 
Committee, now renamed the Tank Supply 
Committee and headed by Stern, and in- 
cluding Swinton as a member. 

Churchill was now in France, having been 
forced to resign in May 1915 when a coalition 
government took over from the Liberal ad- 
ministration after the failure of the Dardanelles 
campaign, but had tried to keep up with devel- 
opments. Though now ‘only’ a regimental of- 
ficer, Churchill sent to Field Marshal Sir 
Douglas Haig, the British Commander-in-Chief 
in France, a paper entitled Variants of the Of- 
fensive which, while exaggerating the state of 
tank development, persuaded Haig to des- 
patch Major Hugh Elles to report personally on 
the new weapon. It was Elles’ approval that 
persuaded Haig to think in terms of an order 
for 40 tanks, which led to the initial plan for 100 
vehicles, later increased to 150 vehicles. 

In March 1916 the new tank arm was form- 
ed under Swinton, initially as the Armoured 
Car Section, Motor Machine Gun Service and 
then from May as the less revealing Heavy 
Section, Machine Gun Corps. After the tank 
had been used in action the name was chang- 
ed again in November 1916 to the Heavy 
Branch, Machine Gun Corps, and finally in July 
1917 to the Tank Corps. As the men for the 
new branch were being found and trained, pro- 
duction of the service version of Mother, the 
Tank Mk |, was being undertaken for the first 
deliveries to be made in June. At first it was 
planned that the production model should be 
all but identical with Mother, other than con- 
struction in mild steel rather than boiler plate 
and the installation of a frame of wood and 
chicken wire over the roof to prevent ‘bombs’ 
(grenades) from detonating on it. The arma- 
ment sponsons projected about 3 ft (0.91 m) 
from each side of the tank, and were therefore 
designed to be removed for separate (or tow- 
ed) carriage, to ease transport problems. Each 
sponson weighed some 3,920 Ib (1,778 kg), 
and required about eight hours to remove or 
replace in the field with skids and levers 
(assuming that the hull had not been ‘wrung’ in 
transit, thereby moving out of alignment the 
bolt holes that had to be matched by those in 


the sponsons). 

In April 1916 Swinton decided that a propor- 
tion of the tanks (ultimately fixed at half of the 
production run) should be completed with the 
Hotchkiss 6-pdr (57-mm) guns replaced by two 
machine-guns. The more powerfully-armed 
variant was designated Tank Mk | Male, and at 
a combat weight of 62,720 Ib (28,450 kg) car- 
ried an armament of two Hotchkiss L/40 guns 
(each with 166 rounds) in limited-movement 
mountings allowing traverse out to an angle of 
120? from the centreline, plus three or four 
Hotchkiss machine-guns (with a total of 6,272 
rounds of ammunition): the role of this variant 
was to tackle guns, emplacements and other 
fixed defences. The lighter variant, having a 
combat weight of 60,480 Ib (27,434 kg), was 
designated Tank Mk I Female, and carried an 
armament of one or two Hotchkiss air-cooled 
machine-guns plus four water-cooled Vickers 
machine-guns (in place of the Male's guns and 
sponson-mounted machine-guns), with a total 
of 30,080 rounds of ammunition: the role of 
this variant was protection of the heavier 
Males from infantry attack, and pursuit of en- 
emy infantry. 

The men of the new army branch were soon 
coming to grips with their extraordinary new 
machines, which held great promise but were 
extremely uncomfortable: the Tank Mk I lack- 
ed any form of sprung suspension, vision of 
the outside world was limited by the small size 
ofthe few vision slits, the engine was unsilenc- 
ed (meaning that internal communication had 
to undertaken largely by hand signalling) and 
ventilation was virtually non-existent. As op- 
erations were shortly to confirm, while the 
tank's construction (soft steel, cut and drilled 
and then hardened before being bolted 
together) may have provided protection from 
small arms fire, it was totally prone to spall and 
splash when struck on the outside: this meant 
that the crew had to wear thick clothing and 
face protection to avoid being wounded by the 
shards sent flying off the inside of the armour 
when it was struck on the outside (spall), or hit 
by the molten metal that penetrated between 
the tank's ill-fitting plates when bullets melted 
on hitting the tank (splash). 

The Tank Mk I had a crew of eight compris- 
ing the commander/brakesman and driver in 
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Se front with their heads in the central cupola, 
Sour gunners in the central portion, and two 
gearsmen in the rear section. Modest steering 
capability was provided by the tail in good con- 
tions, but major course corrections required 
а four-man effort in which the gear driving the 
‘ack on the inside of the turn was put into 
елга! while that on the outside was operated 
first or second gear until the turn had been 
iplished, whereupon the same drive was 
d to both tracks. The steering tail in- 
d trench-crossing capability from 10 to 
Е 15 ft (3.05 to 3.51 m) but proved a great hin- 
'ance in operations, being easily damaged or 
родеа with mud, and from November 1916 
as abandoned. Most of the vehicles so modif- 
d were then fitted with a substantial shelf 
en the rear horns, for the carriage of 
ient such as a towing hawser. 
The tank went into action for the first time on 
September 1916 in one of the subsidiary 
es of the Battle of the Somme, namely the 
e of Flers-Courcelette: here the British 
e and 4th Armies were to punch a four 
2 (6.4-km) hole in the German line at Flers 
Courcelette in the sector between Thiep- 
si and Combles, the 10 assault divisions be- 
supported by a proposed 50 tanks. Such 
= the technical infancy of the new weapon 
some 18 Mk Is had broken down before 
assault started, and the surviving 32 ma- 
were allocated in penny packets (the 
mass being seven tanks) as what were 
ect mobile pillboxes that could crush wire 
dlead the infantry into German positions. In 
ent the tanks did well, but their role was 
elessly wrong and their effect was thus 
when the Battle of Flers-Courcelette 
zied out at the end of the day. 
though the tanks’ actual successes had 
‘poor, their use had finally persuaded the 
cal officers in France that here was a 
ally decisive weapon, and tank orders 
‘stepped up as the tank arm was increas- 
ersonnel size to 9,000 by February 1917 
20,000 by the time of the Armistice in 
r 1918. After Flers-Courcelette Haig 
the production of another 1,000 
Stern moved swiftly to order the re- 
armour and powerplants, though the 
power of the Foster-Daimler petrol en- 


gine led this astute pioneer to consider alter- 
natives to this weakest feature of the Tank Mk 
|. That the army as a whole was still uncommit- 
ted to the tank found expression in the Army 
Council's 10 October cancellation of Haig'e 
order, but this was reinstated when Stern went 
straight to Lloyd George, who was now a keen 
advocate of any device that could reduce the 
horific toll of head-on infantry battles. Lloyd 
George was to become prime minister on 6 
December, and Stern persuaded him of the 
need not only for more tanks, but for better 
tanks. An improved machine was now under 
development as the Tank Mk IV, and to keep 
the production line open until this was ready 
Lloyd George allowed production of 100 ex- 
amples of the Tanks Mk II and Ill, essentially 
Mk Is with detail modifications: the Mk II (50 
built) had a revised roof hatch with raised 
coaming and wider track shoes at every sixth 
link for greater traction, while the Mk III (50 
built) was the Mk II uparmoured to the stan- 
dard of the Mk IV. The Mk II and III comple- 
mented the Mk Is in the trench battles of early 
1917 at Arras (9-15 April), Messines (7 June) 
and Third Ypres (31 July to 10 November), but 
these first three models were rapidly 
superseded by the Mk IV during the second 
half of 1917. Once discarded as firstine 
tanks, the Mks |, II and IIl were used as training 
tanks or as wireless tanks (one sponson fitted 
out as a 'wireless office' and the other carry- 
ing the wireless equipment) or, with their spon- 
sons removed and the resultant openings 
plated over, as supply tanks, known at the time 
as tank tenders, fitted with sponsonike side 
panniers each 3 ft (0.91 m) wide and made of 
mild steel: like the standard sponsons, these 
panniers were rectangular and all too prone to 
embedding themselves in the mud when the 
tank tipped sideways or forward. The Mk IV 
tank introduced sponsons with upward-swept 
lower sides, but this more practical design was 
not carried forward to the supply tenders' pan- 
niers. Each supply tank could also tow three 
sleds each carrying 22,400 Ib (10,160 kg) of 
stores, and in the case of Mk IV conversions 
an uprated 125-hp (93.2-kW) engine was often 
fitted, to provide greater traction power. These 
supply tanks were generally used to ferry for- 
ward ammunition and fuel, and to carry back 
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Tank Mark IV (Male) 
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the most seriously wounded. 

By February 1917 the Tank Mk IV was ready 
for production. The type still relied on the indif- 
ferent Foster-Daimler engine апа its 
associated gear system, but was otherwise a 
much improved vehicle, incorporating the 
lessons of Flers-Courcelette and, as they were 
fought, the 1917 battles. Several of the earlier 
tanks had suffered because of the gravity feed 


From their 50-Imp. gal. (227-litre) internal fuel 
tank, which also leaked petrol over the inside 
of the tank if it was punctured, and failed to 
work if the tank was trying to climb up to or 
down from a steep parapet: in the Mk IV, 
therefore, the tank was moved to the outside 
of the vehicle between the rear horns, increas- 
ed in capacity to 70 Imp. gal. (318 litres), pro- 
vided with armour and fitted with a pump to 
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A Brillen Tank Mk IV Mala 
in Firet World War 
conditions typical of those 
it was designed to 
conquer. (IWM) 


| Tank Mk IV (Male) 
(UK) 


Type: battle tank 
Crew. 8 
‘Combat weight: 62,720 Ib (28,450 kg) 
Dimensions: length overall 26.42 ft (8.05 m); 
width 13.50 ft (4.115 m); height 8.17 ft (2.49 m) 
‘overall 
ent system: two 6-pdr (57-mm) Hotchkiss 
| OF 1/23 rifled guns (one in the forward part of 
ch sponson) with 332 rounds and four 0.303-in 
L3. 7-mm) Lewis machine-guns (one bow, one tail 
done on the rear portion of each sponson) with 
rounds; the main guns were stabilized in 
ther elevation nor azimuth (120° out from the 
ard centreline), and simple optical sights 
fitted 
mour: riveted steel varying in thickness bet- 
een 6.35 and 12.7 mm (0.25 and 0.5 in) 
plant: one 105-hp (78.3-kW) Daimler petrol 
gine with 70 Imp. gal. (318.2 litres) of fuel 
erfo speed, road 3.7 mph (6 ктћ); 
ange, road a5 miles (56.3 km); fording 4.5 ft 
1.37 m) without preparation; gradient 47%; ver- 
Sal obstacle 4.5ft (1.37 m); trench 10.0 ft 
95 m); ground clearance 16 in (0.41 m) 


e an uninterrupted flow of petrol. Other 
improvements were the use of thicker 
our (16 mm/0.63 in at the front, and 
0.47 in declining to 8 mm/0.315 in else- 
ere) to defeat the Germans’ new anti-tank 
= bullets; steel ‘spuds’ bolted to every third, 
© or ninth track shoe to increase traction in 
going; smaller sponsons that could be 
Bed inboard, rather than having to be re- 


moved for transport; an exhaust and external 
silencer for the engine; improved internal 
stowage, ventilation and cooling; shorter 6-pdr 
(57-mm) L/23 guns to prevent the muzzles dig- 
ging into the ground; an unditching beam car- 
ried above the vehicle on special rails; and 
0.303-in (7.7-mm) Lewis machine-guns in 
place of the original Hotchkiss weapons in 
ball-and-socket mountings that allowed 90° 
movement in elevation and traverse. Exper- 
ience soon confirmed that the Lewis gun was 
unsuitable for tank use, as its air-cooling 
system filled the tank with fumes, the gun itself 
was vulnerable to enemy fire, and the need for 
a large opening in the sponson to accom- 
modate the Lewis gun's air-cooling jacket in- 
creased the problem of splash: a revised Hot- 
chkiss was then substituted, though without 
the original form of very limited-movement 
trunnion mounting. 

After development from October 1916, Mk 
IV tanks were delivered from April 1917, and 
production of 1,015 tanks was undertaken in 
the ratio of three female to two male tanks. 
The Tank Mk IV Female was somewhat dif- 
ferent to the earlier females, for the sponsons 
were shallower (allowing the incorporation of a 
pair of hatches on each side in the area 
previously covered by the sponson) and nar- 
rower at only 1.25 ft (0.381 m). The lighter 
weight of these sponsons contributed signific- 
antly to the reduction in combat weight to 
58,240 Ib (26,418 kg). 

The growing sophistication of the tank is at- 
tested to by the development of several Mk IV 
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A Tank Mk IV Female, 
converted as a fascine 
carrier, seen at the 
Plateau railhead in France 
during November 1917. 
(RAC Tank Museum) 


variants, as dictated by the nature of combat 
experience. There had been some criticism of 
the November 1916 decision to eliminate the 
rear steering wheels, as this also reduced 
trench-crossing capability, and in an effort to 
improve this capability once more, Tritton in 
1917 suggested the lengthening of the tank by 
9 ft (2.74 m) through the extension of the rear 
horns. These extensions were of mild steel, 
strapped and riveted to the original structure, 
and braced diagonally by stays to provide a 
rigid frame for tracks, each lengthened by the 
insertion of 28 extra shoes and driven by a 
lengthened drive. Trials were also conducted 
with a 6-in (152-mm) Newton and Stokes mor- 
tar on a platform inserted between the rear 
horns to fire forward over the hull. Some in- 
teresting results were achieved with the ‘tad- 
pole tail’ and mortars, but the lengthened 
horns lacked rigidity and were not put into 
production. 

Even the tadpole tail could not offer much 
hope for the crossing of the extra-wide tren- 
ches built by the Germans in their so-called 
‘Hindenburg Line’ defences, and to overcome 
this problem there was evolved the Mk IV 
Fascine Tank. In its original form this could 
carry wooden fascines on its unditching beam 
rails, these chain-bound bundles of brush- 


wood, each 10 ft (3.05 m) in length and 4.5 ft 
(1.37 m) in diameter, being dropped over the 
nose under control of the driver; later versions 
carried hexagonal wood or steel cribs for the 
same purpose of filling the trench and pro- 
viding a roadway for the tank's further 
progress. 

Ditching was always a problem with the 
First World War British tanks and several ex- 
perimental unditching systems were evalu- 
ated as alternatives to the standard beam. 
Some of these were promising, but none got 
past the evaluation phase. There were also 
salvage tanks of several patterns, developed 
in the field for recovery and maintenance 
work: these were generally fitted with a 
manually-operated jib crane for tasks such as 
engine changes. 

When the Germans first began to put tanks 
in the field during April 1918, the British real- 
ized that their blend of male and female tanks 
was perhaps not ideal, for the female tank was 
distinctly vulnerable to the efforts of the Ger- 
man tanks. The result was the Tank Mk IV Her- 
maphrodite, essentially a standard Mk IV 
Female with one of its sponsons replaced by 
the guf-armed sponson of a Mk IV Male tank, 
to provide a blend of male and female 
firepower. 

The key moment for the Tank Mk IV, and in- 
deed for the tank in general, came on 20 
November 1917 with the beginning of the Bat- 
tle of Cambrai. This was the first occasion on 
which tanks were used in a homogeneous 
mass, and the practice nearly proved decisive. 
The British Third Army was entrusted with a 
surprise offensive against the German Second 
Army: in ideal terrain conditions to the south of 
Cambrai, the army was to attack without the 
protracted artillery bombardment that had 
previously been standard, this novel concept 
being designed to give the Germans no fore- 
warning of the offensive, and to prevent the 
ground from being churned up. This ensured 
excellent going for the 400 tanks that spear- 
headed the offensive behind a sharp creeping 
barrage that forced the Germans to keep their 
heads down. Tactical surprise was achieved 
by the new concept, and the tanks were in- 
strumental in opening a six-mile (9.7-km) gap in 
the German line, through which the British ad- 
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Above A Tank Mk IV in 
pristine condition just 
after presentation to the 
British government by the 
president of the Federal 
Council of the Malay 
States. Well shown is the 
riveted construction of the 
hull and sponsons from 
comparatively small 
pieces of plate. (IWM) 


Left A British Tank Mk 
IV in action during the 
First World War: this is a 
male tank, with a 6-pdr 
(57-mm) main gun in the 
forward part of each 
sponson, and carries an 
unditching beam above 
the hull. 
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Above Seenina 
German army workshop 
near Cambrai in 
September 1918 are a 
pair of Beutepanzerwagen 
IV vehicles, captured 
British Tank Mk IVs fitted 
with German armament 
(Bundesarchiv) 


Right Two 
Beutepanzerwagen IVs, 
complete with trench- 
filling fascines, are put 
through their paces 
behind the German front 
in the summer of 1918. 
Liesel appears to be 
ditched, with Fritz about 
to tow her out of her 
predicament. 
(Bundesarchiv) 
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vanced to a depth of five miles (8 km). Two 
cavalry divisions were poised to exploit any ad- 
vantage, but the extent of this success caught 
the British so unexpectedly that there were in- 
sufficient infantry and tanks in reserve to allow 


any rational exploitation. The Germans 
recovered with remarkable speed, and their 
counter-attacks of 30 November forced the 
British to fall back most of the way to their start 
line by 3 December. The Battle of Cambrai 
was thus a draw, but this fact cannot disguise 
the fact that the first mass use of tanks had in 
general secured unprecedented results. 


As usual, however, the tanks had suffered 
large numbers of mechanical breakdowns, 
and many of these non-runners were captured 
by the Germans as they pushed back the 
British. Impressed with the capabilities of the 
tanks, and lacking their own counterparts, the 
Germans rushed the captured machines to 
their depot at Charleroi for refurbishment and 
rearming: in this latter aspect the 6-pdr 
(57-mm) guns were replaced by Sokol 57-mm 
guns captured from the Russians, and the 
0.303-in (7.7-mm) machine-guns by 7.92-mm 
(0.31-in) MG08 weapons. The vehicles were 
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then issued to the Germans' fledgling tank arm 
with the designation Beutepanzerwagen ІУ, 
the comparative extent of British and German 
tank production at this time being indicated by 
the fact that captured tanks equipped four of 
the Germans’ seven tank companies in 
December 1917. 

As noted above, Stern appreciated from the 
early days of the Mk | that the weakest point of 
the tank was its transmission/gearing and 
associated Foster-Daimler petrol engine. To 
meet operational requirements the Mk IV was 
rushed into production and service, even as 
Stern was investigating alternative power- 
plants, but from October 1917 the Tank Supply 
Department had a modest breathing space in 
which to consider other tank automotive 
Systems. These included a Westinghouse 
petrol-electric drive with one-man control, via 
а separate petrol-electric generator on each 
"rack for infinitely variable speed control; a 
Daimler petrokelectric drive with similar 
capabilities; а ^ Williams-Janney petrol- 
гашїс drive, similar in concept to the 
rol-electric drives, though using hydraulic 
ег than electric motors; a Wilkins multiple 
tch drive of extraordinary complexity; and a 
п mechanical system using epicyclic 
and brakes, instead of the standard 
je-speed gearing. The petrolelectric 
offered superior capabilities, but were 
iiently complex and expensive to urge оп 
the advantages of the Wilson system, 
ich offered the possibility of one-man con- 
without the potential problems of the 
etrol-electric systems. 

Wilson was entrusted with the overall 
in of the tank to use his epicyclic gearbox, 


and this emerged as the Tank Mk V with hull 
and armament based on those of the Mk IV but 
fitted with the Wilson gearbox and a new 
150-hp (112-KW) Ricardo petrol engine com- 
missioned by Stern. The Tank Mk V Male 
weighed 64,960 Ib (29,466 kg) and the Tank 
Mk V Female 62,720 Ib (28,450 kg), but the use 
of a more powerful engine boosted maximum 
speed to 4.6 mph (7.4 km/h), and combat 
radius was 45 miles (72 km) on 93 Imp gal 
(423 litres) of fuel in armoured external tanks. 
The Mk V went into production at the Birm- 
ingham works of the Metropolitan Carriage. 
Wagon and Finance Co. during December 
1917, and began to reach service units in May 
1918 in equal numbers of male and female 
tanks, of which a proportion were converted in 
the field to Tank Mk V Hermaphrodite stan- 


Tank Mk V (Male) 
(UK) 


Type: battle tank 

Crew: 8 

Combat weight: 64,960 Ib (29,466 kg) 
Dimensions: length overall 26.42 ft (8.05 m); 
width over sponsons 13.5 ft (4.115 m) and hull 
8.71 ft (2.65 m); height 8.67 ft (2.64 m) 
Armament system: two 6-pdr (57-mm) guns with 
332 rounds and four 8-mm (0.315-in) Hotchkiss 
machine-guns with 6,272 rounds. 

Armour: between 8 and 16mm (0.315 and 
0.63 in) 

Powerplant: one 150-hp (111.8kW) Ricardo 
petrol engine with 93 Imp. gal. (423 litres) of fuel 
Performance: speed, road 4.6 mph (7.4 km/h); 
range, road 45 miles (72.4 km); vertical obstacle 
4.5 ft (1.37 m); trench 10.0 ft (3.05 т); ground 
clearance 16 in (0.406 m) 


Tank Mark V (Male) 
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A Tank Mk V Female of 
the 16th Battalion, Tank 
Corps, shows off the 
type's 13-ft (3.96-m) 
trench-crossing capability 
during British 1919 
manoeuvres in occupied 
Germany. (RAC Tank 
Museum) 


A Tank Mk V Male is put 
through its paces at the 
Tanks Corps' Central 
School at Bovington 
Camp shortly affer the 
First World War. Clearly 
visible is the short-barrel 
6-pdr (57-mm) main gun, 
the overhead stowage of 
the unditching beam, and 
the track-tensioning 
device associated with 
the forward idler. (RAC 
Tank Museum) 


dard. The initial 200 machines had tracks 
20.5 in (521 mm) wide, but later examples had 
tracks 26.5 in (673 mm) wide for better perfor- 
mance in poor going. One-man control of the 
Mk V's automotive system made for consider- 
able improvement in control and manoeuvrab- 
ility, and the more powerful engine made a 
useful contribution to performance, but the Mk 
V was also a considerable advance over its 
predecessors in a number of ways; its better 
engine cooling and ventilation system; the pro- 
vision of a cupola above the roof at the rear for 
the commander, who thus had far better fields 
of vision than in earlier tanks; and its facility for 


the unditching beam to be connected and 
disconnected from inside the vehicle, thereby 
obviating the need for at least two crew 
members to leave the vehicle in the fashion 
that had at times cost earlier tanks con- 
Siderable.casualties. 

The Mk V first went into action at Hamel in 
July 1918, and thereafter partnered the more 
numerous Mk IV for the rest of the First World 
War. The tank was dimensionally similar to the 
Mk IV, and thus suffered the same limitations 
when faced with a wide trench. Not surprising- 
ly, therefore, the Mk V was evaluated with a 
‘tadpole tail’, but a better expedient was 
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opted after development by the Tank Corps 
tral Workshops in France from February 
8. This resulted in the Tank Mk V*, in which 
vehicle was cut in half to allow the inser- 
Sen of a 6-ft (1.83-m) armour section, compris- 
ing three 2-ft (0.61-m) panels, between the rear 
5 the sponsons and the epicyclic gearbox, in- 
Greasing ground length and so providing a 
711 (3.96-m) trench-crossing capability, at an 
Increase in weight of 8,960 Ib (4,064 kg). The 
cational section carried two machine-gun 
Gesitions to complement the standard fit bas- 
=n that of the Mk IV, but already boosted by 
Pe provision of two positions in the new com- 


mander's cupola. The extra weight inevitably 
reduced performance slightly, and manoeuv- 
rability considerably, but the additional length 
had the incidental advantage of increasing in- 
ternal volume to the extent that the Mk V* 
could be used to carry 25 troops (who suffered 
badly from the heat and the poor ventilation) or 
more usefully a substantial load of supplies 
Production was undertaken by Metropolitan 
from May 1918, production reaching 579 ex- 
amples by the time of the Armistice. 

The Tank Mk V** was similar to the Mk V*, 
but designed as such and built in small num- 
bers by Fosters for post-war service. The for- 


In the closing stages of 
the First World War, the 
tank came into its own as 
ап 20011111 and 
exploitation weapon. 
These Tank Mk Vs of the 
10th Battalion, Tank 
Corps, are passing 
infantry of the 37th and 
New Zealand Divisions 
near Grevillers on 26 
August 1918. The Mk V 
lacked the differential 
housing (between the rear 
horns) of the earlier 
tanks, and this allowed 
the incorporation of a rear 
machine-gun. The rear 
vehicle has a platform 
between the horns for 
carriage of stores. (IWM) 


In the Tank Mk V** Male 
the commander's cupola 
was brought well forward, 
for better fields of vision. 
Notable in front of this 
mud-spattered trials 
vehicle are sveral 
important tank pioneers, 
including Wilson and 
Ricardo (respectively first 
and second from left). 
Ricardo's 225-ph (168-kW) 
engine gave this vehicle 
useful cross-country 
performance. (RAC Tank 
Museum) 


ENCYCLOPAEDIA OF THE TANK 


The sole Tank Mk VII 
Male used Williams- 
Janney hydraulic 
transmission for trials 
purposes, and was also 
fitted with an electric 
starter for its 150-hp 
(112-kW) Ricardo engine. 
(RAC Tank Museum) 


Far right Тһе prototype 
of the Tank Mk VIII, 
otherwise known as the 
International, is seen on 
trials in the USA. The 
lengthened rhomboidal 
shape is notable, as is the 
long roof turret with 
separate commander's 
cupola. (RAC Tank 
Museum) 


ward rise was increased to provide better 
parapet-climbing capability, an uprated 225-hp 
(168-kW) Ricardo engine was located farther 
to the rear, and the commander's cupola was 
moved forward to a position just behind the 
driver's cupola. It is interesting to note that 
post-war development gave evidence of the 
tank's multiple uses: the Mk V** was 
developed as a Royal Engineer Tank in two 
forms as a carrier and launch vehicle for a 
20-ft (6.1-m) bridge capable of supporting a 
tank, and as a mineclearing vehicle fitted with 
a forward roller to detonate pressure-activated 
mines. 

The Mk V* was the ultimate version of 
British mainstream battle tank development to 
see service in World War І, no fewer than 324 
Mk Vs and Mk V*s spearheading the decisive 
breakthrough offensive of 8 August in the Bat- 
tleof Amiens, which the German commander, 
General Erich Ludendorff, characterized as 
‘the black day of the German army’. In this of- 
fensive the Mk IV and Mk V variants were part- 
nered by a number of light tanks, but before 
turning to these it is perhaps sensible to com- 
plete a summary of British battle tank develop- 
ment in the First World War. Next in sequence 
came the Tank Mk VI, which was designed in 
December 1916 and reached mock-up form in 
February 1917. The type was designed to pro- 
vide better cross-country performance than 
the Mk IV and Mk V, and the armament was 


centred on a 6-pdr (57-mm) gun located in a 
limited-traverse mounting between the front 
horns, backed by four machine-guns carried in 
a substantial cupola above the hull roof and 
one machine-gun each in two small hull-side 
sponsons. Work was cancelled in favour of ad- 
ditional Mk V production to meet the German 
offensives in France from 21 March 1918. 
The Tank Mk VII was built by Brown 
Brothers of Edinburgh, the sole prototype 
completing successful trials between October 


Tank Mk VIII Liberty 
(or International) 
(UK/USA) 


Type: battle tank 

Crew: 8-11 

Combat weight: 82,880 Ib (37,594 kg) 
Dimensions: length overall 34.21 ft (10.48 m; 
width 12.33 ft (3.76 m); height 10.25 ft (3.12 m) 
Armament system: two 6-pdr (57-mm) guns with 
208 rounds and seven 8-mm (0.315-in) Hotchkiss 
machine-guns with 13,484 rounds 

Armour: between 6 and 16 mm (0.24 and 0.35 in) 
Powerplant: one 300-hp (224-kW) Ricardo or 
Liberty petrol engine with 200 Imp. gal 
(909 litres) of fuel 

Performance: speed, road 5.2 mph (8.4 km/h; 
range, road 55 miles (88.5 km); fording 2.83 ft 
(0.86 m); gradient 84% ; vertical obstacle 4.50 ft 
(1.37 m); trench 16.00ft (4.88m); ground 
clearance 21 in (0.53 m) 
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and November 1917. The Mk VII was based on 
the Mk V but with a 3-ft (0.91-m) longer tail for 
improved trench-crossing capability, and the 
electrically started 150-hp (112-kW) Ricardo 
petrol engine was used to power twin William- 
Janney hydraulic motors. The cross-country 
performance and agility of the type were most 
encouraging, and early in 1918 an order was 
placed for 75 production vehicles. Production 
of the Williams-Janney hydraulic motors prov- 
ed troublesome, however, and only one pro- 
duction machine was completed before the 
Armistice and the wholesale cancellation of 
production orders. 

Up to the Mk VII, British tank design had 
followed a linear line from the Mk |. With the 
Tank Mk VIII, however, all the lessons of 
earlier development and combat use were 


melded into a completely new design by the 
army's Mechanical Warfare Department, tor 
joint Anglo-American production of an initial 
1,500 machines. The hulls and armament 
were to have been provided from the UK, to be 
assembled with American-supplied engines, 
transmission systems and controls on a 
special assembly line in France. The tank was 
variously known as Anglo-American Tank, the 
Liberty, the International and the Allied, and 
the hopes vested in the machine are evid- 
enced by the fact that the 1,500 joint-venture 
tanks were to be supplemented by 1,450 pure- 
ly British examples and 1,500 purely American 
examples, for a grand total of 4,450 Mk Vills. 

The Mk VIII design was modelled on the 
standard rhomboidal shape that had proved 
generally successful in previous British tanks, 
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but provided with lower contours that allowed 
7.5 ft (2.29 m) of contact area with the ground, 
by comparison with the Mk V's 4.5 ft (1.37 m), 
and ground clearance of 1.75 ft (0.533 m) by 
comparison with the earlier tanks’ 1.33 ft 
(0.406 m). The result was a considerably heav- 
ier machine, with a combat weight of 82,880 Ib 
(37, 594 kg). The Mk Vill was also a generally 
larger machine, with an overall length of 
34.208 ft (10.43 m) to the Mk V's 26.417 ft 
(8.05 m), a width of 12.33 ft (3.76 m) to the Mk 
V Male's 12.83 ft (3.91 m), and a height of 
10.25 ft (3.12 m) to the Mk V's 8.67 ft (2.64 m). 
In terms of battlefield capabilities, the addi- 
tional length reduced manoeuvrability, but pro- 
vided an impressive trench-crossing capability 
of 15 ft (4.57 m). 

The crew remained the standard eight men, 
and the armour thicknesses were the same as 
those of the Mk V. The larger dimensions of the 
Mk VIII allowed a useful compartmentalization 
of the interior, with the engine and transmis- 
Sion in the rear section cut off from the rest of 
the tank by a bulkhead, for considerable im- 
provement in terms of noise and fumes. The 
main armament comprised two 6-pdr (57-mm) 
Hotchkiss L/23 guns in the side sponsons with 
104 rounds each, and the secondary arma- 
ment was seven machine-guns with a total of 
13,484 rounds: the machine-guns were loc- 
ated as one in the bow, one in each of the 
doors behind the sponsons, and four in the 
centrally-mounted main fighting turret (one in 
each side, one on the front left and one on the 
rear right). The sponsons were hinged and fit- 
ted on roller bearings, so that they could be 
hand-pulled into the main fighting compart- 
ment for transport, and each machine-gun 
was carried into a ball-and-socket mounting 
(itself carried in a spherical mounting) to allow 
130? movement. The main fighting turret was 
also fitted with a commander's rotating sub- 
turret offering a 360° field of vision. 

Considerable difficulties were encountered 
with the design and final development of the 
Mk VIII, the most troublesome individual com- 
ponent being the 300-hp (224-kW) engine. In 
the joint and American versions, this was a 
V-12 Liberty, adapted from the standard 
aeroplane engine by lowering the compres- 
sion ratio and using cast iron rather than steel 


cylinders. In the British version the engine was 
a V-12 Ricardo, produced by mounting two 
150-hp (112-kW) Ricardo V-6 engines оп г 
common crankcase. Under good conditions 
the Ricardo unit provided a maximum speed of 
7 mph (11.25 km/h) in a lightly-loaded Mk VIII. 
Some 200 Imp. gal. (909 litres) of fuel were car- 
ried in three armoured tanks at the rear, and 
pump-fed to a gravity tank above the engine, 
surplus fuel being vented back into the main 
tankage by an overflow pipe. This fuel tankage 
provided a 55-mile (88.5-km) combat radius. 
Considerable thought was given to engine 
cooling, and the location of the engine in its 
own compartment greatly aided the designers, 
who opted for a system in which air was drawn 
in through a roof louvre to pass round the: 
engine and through the rear-mounted radiator 
before being expelled by a fan through a rear 
louvre. Compartmentalization also allowed 
proper ventilation of the fighting section, by 
means of an electrically-powered fan that 
created a slight internal overpressure, that 
was vented through any available opening to 
take with it any gun fumes. 

Mild steel prototypes had been successfully 
trialled by the end of the war, and a large 
number of components had been produced for 
assembly in the unfinished French factory at 
Nervy-Pailloux. The programme was can- 
celled at the end of the war, but in 1919 and 
1920 the Americans used existing com- 
ponents to build 100 tanks at the Rock Island 
Arsenal: these differed from the wartime stan- 
dard only in having 0.3-in (7.62-mm) Browning 
machine-guns instead of Hotchkiss machine- 
guns, and formed the mainstay of the US tank 
arm up to 1932, when they were placed in 
storage and finally used by Canada as training 
machines in the early days of the Second 
World War. 

The final designations in the mainstream of 
British battle tanks during World War | were 
the Tank Mk IX and Tank Mk X. The Mk IX was 
really a supply tank based mechanically on the 
Mk V, and at a combat weight of 60,480 Ib 
(27,434 kg) could carry 50 troops or 22,400 Ib 
(10,161 kg) of supplies, with access through 
four large side hatches; only three prototypes 
were completed. In 1919 one of these was 
modified for amphibious trials, being fitted with 
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a raised cab, high exhausts and ex-naval 
‘camel’ flotation chambers. The Mk X was 
schemed as a revised Mk V, with modifications 
intended to increase habitability, reliability and 
manoeuvrability. If the war had continued into 
1919, some 2,000 Mk Xs would have been 
ordered as the backbone of the tank army 
around which the assault into Germany was 
being planned. 

The Allied concept of military operations 
after November 1914 had been posited, with- 
out any significant deviation, on a break- 
through of the German line and exploitation in- 
to the enemy rear. Even before the battle tank 
had begun to prove itself as a weapon for the 
breakthrough phase, tank advocates had 
begun to work on a lighter and more mobile 
tank suitable for the exploitation phase, for the 
battle tank was clearly too slow and too short- 
ranged for any but the most direct battlefield 
tasks. In 1916 Tritton designed a high-speed 
tank with light armour for the task of co- 
operating with the cavalry, and this initial 
"Whippet' scheme was revised from Decem- 
ber 1916 as the Tritton Chaser or, more pro- 
saically, the Tritton No.2 Light Machine. The 
type first ran in February 1917, and trials were 
generally successful. Various changes were 
required before a firm order was placed in 
June 1917. The definitive version became the 
Medium Tank Mk A, generally named the 
Whippet, and deliveries from Foster's works in 


Lincoln began in October 1917, to meet the in- 
itial requirement for 200 machines. This order 
was subsequently increased to 385 machines, 
and then reduced once more to 200 when it 
became clear that the double automotive sys- 
tem of the Mk A was both expensive to pro- 
duce and difficult to maintain at a reasonable 
standard of reliability. 

The overall design of the Whippet was total- 
ly different from that of the battle tanks, with 
long, low-set unsprung tracks whose shoes 
were based on those of battle tanks, but of 
lighter construction and fitted with provision 
for spuds: the tracks were long enough to pro- 
vide a 7-ft (2.13-m) trench-crossing capability. 
The track units were fitted on each side with 
four chutes along much of the length of the top. 
run to keep the tracks clear of mud. and thus 
lighter. The long forward section of the hull 
above the upper run of the tracks accommod- 
ated two 45-hp (33.6-kW) Taylor four-cylinder 
imine engines (used mainly for lorries), 
located side-by-side and each provided with its 
own clutch and gearbox to drive one track. 
Twin throttles were located on the steering 
wheel, their movement together controlling 
acceleration to a maximum speed of 8.3 mph 
(13.4 km/h) in this 31,360-Ib (14,225-kg) vehi- 
cle. Steering was effected by the driver's 
steering wheel, whose movement worked on 
the throttles to increase the power of one 
engine and decrease that of the other (to a 


This painting of a Medium 
Tank Mk A ‘Whippet’ 

reveals the salient design 
features of this pioneering 
British cavalry tank. (IWM) 
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maximum variation of 12 hp/8.95 kW) and so 
provide additional power to one track or the 
other: the system was complex and extremely 
demanding on the driver, who could easily stall 
one engine in a tight turn and then shed a 
track, thus immobilizing the vehicle. An ar- 
moured tank in the extreme nose held 70 Imp. 
gal. (318 litres) of petrol, fed to the engines 
by a pump, and this capacity was sufficient 
for a combat radius of 80 miles (129 km). 

The crew of three or four was located in the 
fighting compartment at the rear of the vehi- 
cle. This compartment was essentially a fixed 
barbette (the original notion of a rotating turret 
having been abandoned to simplify produc- 
tion), and, in addition to the driver, was oc- 
cupied by the commander and one or two gun- 
ners, with between them three or four Hotch- 
kiss machine-guns (plus 5,400 rounds of am- 
munition) for all-round fire. The second gunner 
and the Hotchkiss in the rear of the barbette 
were generally omitted by operational units, to 
mitigate the appalling conditions inside the 
barbette. Armour varied from a minimum of 
6mm (0.24in) to a maximum of 12mm 
(0.47 in). 


The type first saw action in March 1918 near 
Herbertune in northern France, and was used 
up to the end of the war. The type's greatest 
moment came in the Battle of Amiens on 8 
August 1918, involving the 3rd Tank Brigade's 
two battalions, which were fully equipped with 
96 Mk As. The brigade was tasked with sup- 
port of the Cavalry Corps, and though liaison 
was poor, some useful results were gained. 
The major tactical problem was that in good 
conditions the cavalry was faster than the tank 
brigade, but had to wait for the tanks to catch 
up and deal with opposition armed with 
anything but small arms. The result was that 
the tanks were not employed in a homo- 
geneous mass that might have completely 
destroyed the German rear areas to a depth of 
10 miles (16 km) or more. The Mk As were us- 
ed in small numbers attached to specific 
cavalry units, but nonetheless achieved suc- 
cesses that fully vindicated their overall 
capabilities. 

Obviously the type was limited by its use of 
two low-powered engines and unsprung 
tracks, and in an effort to overcome this limita- 
tion Major Philip Johnson, an Army Service 


© Jt Rue 88 


Medium Tank 
Mark A Whippet 


mes 


LEM 


"cR 


THE INFANT GIANT 


Medium Tank Mk A 
(UK) 


Type: medium tank 

Crew: 3-4 

Combat weight: 31,360 Ib (14,225 kg) 
Dimensions: length overall 20.00ft (6.10 m); 
width 8.58 ft (2.62 т); height overall 12.60 ft 
(274 m) 

Armament system: three or four 0.303in 
(7.7-mm) Hotchkiss machine-guns (for use in the 
four ball mountings located one in each face of 
the fixed barbette) with 5,400 rounds 

"Armour. riveted steel varying in thickness bet- 
ween 5 and 14 mm (0.2 and 0.55 in) 
Powerplant: two 45-hp (33.6kW) Tylor JB petrol 
engines with 70 Imp. gal. (318.2 litres) of fuel 
Performance: speed, road 8.3 mph (13.4 km/h): 
range, road 80 miles (128.75 km); fording 3.0 ft 
(0.91 m); gradient 84 % ; vertical obstacle 2.625 ft 
(0.8 m); trench 7.0 ft (2.13 m); ground clearance 
22 in (0.56 m) 


Corps officer serving at the Tank Corps Cen- 
Бы Workshops in France, reworked the de- 
San with sprung tracks and a 360-hp (268-kW) 
FollsRoyce Eagle aero engine working 
rough the transmission of a Mk V battle tank: 
Speeds well over 20 mph (32 km/h) were 
&chieved, but this important advance failed to 
ind favour. 

As noted above, production of the Mk A was 
Sifted to just 200 machines, a fact ensured by 
е development of the Medium Tank Mk B, 
whose arrival in service was anticipated in 
9009 time for the grand tank offensive design- 
=< to finish off Germany in 1919 (see below). 
The Mk B was also called the Whippet, but in 
Б instance was designed by Wilson and bore 
loser conceptual affinities to current battle 
Tanks than to the Mk A, though intended for the 
Same cavalry or exploitation role. 

The Mk B was based on a new automative 
System using a 100-hp (76-kW) four-cylinder 
wersion of Harry Ricardo's 150-hp (112-kW) 
Six-cylinder battle tank engine, located at the 
gear of the hull in the first instance of a tank 
engine in its own compartment. The fan- 
cooled engine drove the twin tracks via epi- 
cyclic gearing, and provided greater levels of 
manoeuvrability with much improved reliability 
апа reduced production cost. The rest of the 


vehicle was also different from the МКА, being 
based on the rhomboidal shape of contem- 
porary battle tanks with the tracks running 
right round the hull and its projecting front and 
rear horns. On each side of the Mk B were 
three large chutes to clear mud from the upper 
tun of the tracks. 

At 7 and 2.5 ft (2.13 and 0.76 m) respective- 
ly, the Mk A's trench-crossing and parapet- 
climbing capabilities were notably poor: the 
shape of the Mk B improved these figures con- 
siderably, the trench-crossing figure to 8.5 ft 
(2.59 m). Inevitably the Mk B was a larger and, 
at a combat weight of 40,320 Ib (18,289 kg), 
heavier tank. The crew of four comprised the 
driver, commander and two gunners, all ac- 
commodated in a large barbette at the front of 
the tank. The Mk B was proposed in two forms 
a female with the standard armament of four 
Hotchkiss machine-guns plus a total of 7,500 
rounds of ammunition, and a male with a 
revolving turret carrying a 2-pdr (40-mm) gun: 
only the female type was produced. Armour 
was comparable to that of the Mk A, though 
the thinnest plates were to a 6- rather than 
5-mm (0.24- rather than 0.2-in) basis. 


Medium Tank Mh A 
‘Whippet’ of the 3rd 
Battalion, Tank Corps, 
near Maillet Mailly on 26 
March 1918 with infantry 
of the New Zealand 
Division. This was a crisis 
period for the Allies, and 
the Whippet had been 
used in action for the first 
time earlier on the same 
day. (WM) 
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As this painting conveys, 
the Medium Tank Mk A 
was not best suited to the 
rough terrain of the First 
World War's front-line 
areas, as it was designed 
for fast movement after a 
breakthrough by heavier 
tanks. (IWM) 


32 


Other features of the Mk B were removable 
rear decking to provide access to the engine 
compartment, a crude smoke-generation sys- 
tem, whereby sulphonic acid was dripped onto 
the hot exhaust from a special tank, and provi- 
sion for electric or hand starting. Design work 
was completed late in 1917, but it was 
mid-1918 before the first production order was 
placed with the Metropolitan Carriage, Wagon 
and Finance Co. for 450 vehicles: this delay 
was caused in part by the need for modifica- 
tions to the original design, and in part by the 
caution of the army, which wished to assess 
the capabilities of the first medium tank (the 
Mk A), before committing scarce production 
facilities to a successor. The first vehicle ap- 
peared in September 1918, and only 45 had 
been completed by the time of the Armistice, 
when all further production was cancelled. 
The Mk B displayed a maximum speed of only 
6.1 mph (9.8 km/h) and a combat radius of 65 
miles (105 km) on 85 Imp. gal. (386 litres) of 
fuel, so outright performance was well down 
on that of the Mk A. Other criticism of the Mk B 
centred on the engine installation: all appre- 
ciated the fact that its separation from the 
rest of the tank by a bulkhead reduced the 
problem of engine noise and fumes in the 
fighting compartment, but the compact 
nature of the engine compartment meant that 
the entire engine had often to be lifted out for 
even the most minor of maintenance tasks. 

As Wilson worked on the development of 


the Mk B, Tritton was involved on his own suc- 
cessor to the Mk A, in the form of the Medium 
Tank Mk C, generally known as the Hornet and 
judged to have been the best medium tank 
design evolved in the First World War. The Mk 
C bore a strong conceptual similarity to the Mk 
B (a rear engine, all-round tracks and a for- 
ward fighting compartment, complete with a 
rotating cupola for the commander), and the 
basic design was completed at about the 
same time, in December 1917. Again like the 
Mk B, the Mk C was offered in male and 
female forms, the male with a 6-pdr (57-mm) 
gun located in the hull front and the female 
with four Hotchkiss machine-guns plus 7,200 
rounds. The engine was the 150-hp (112-kW) 
six-cylinder version of the Ricardo tank engine, 


Medium Tank Mk C Hornet 
(Uk) 


Type: medium cavalry tank 
Crew: 4 

Combat weight: 44,800 Ib (20,321 kg) 
Dimensions: length overall 26.00 ft (11.79 m); 
width 8.33 ft (2.54 т); height 9.50 ft (2.90 m) 
Armament system: four 8-mm (0.315-in) Hot- 
chkiss machine-guns with 7,200 rounds 
Armour: between 6 and 14 mm (0.24 and 0.55 in) 
Powerplant: one 150-hp (111.8-kW) Ricardo 
petrol engine with 150 Imp. gal. (682 litres) of fuel 
Performance: speed, road 7.9 mph (12.7 km/h); 
range, road 140 miles (225 km); vertical obstacle 
4.50 ft (1.37 m); trench 10.00 ft (3.05 m) 
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driving the tracks by means of epicyclic gears. 
Tritton gave considerable attention to the 
engine and transmission installation, to ensure 
easy access for maintenance, and planned 
the whole design for rapid manufacture, mak- 
mg maximum use of sub-assemblies. 

The Mk C prototype was completed in the 
summer of 1918 and underwent a highly suc- 
cessful evaluation programme, before a pro- 
Suction order for 200 Mk C Females was plac- 
е8 at the beginning of October. Faith in the 
type was considerable, and longer-term plans 
called for production of 6,000 Mk Cs (4,000 
females and 2,000 males) for the proposed 
"Plan 1919'. Building of the Mk C was drastical- 
ty curtailed at the time of the Armistice, and 
only 48 Mk Cs were completed, serving with 
Considerable distinction up to 1925. 

Weighing 44,800 Ib (20,321 kg) the Mk C 
had a length of 26 ft (7.92 m) in comparison 
with the Mk B's 22.75 ft (6.93 m), a width of 
$33 ft (2.54 т) in comparison with 8.83 ft 
12.69 m) and a height of 9.5 ft (2.90 m) in com- 
parison with 8.5 ft (2.59 m). The Mk C's addi- 
Жопа! length contributed to a trench-crossing 
capability of 10 ft (3.05 m), and the type's 
‘ther main performance figures included a 
maximum speed of 7.9 mph (12.7 km/h) and a 
‘combat radius of 140 miles (225 km) on 150 
imp. gal. (682 litres) of fuel. 

The ultimate British tank design of the First 
"World War was the Medium Tank Mk D, which 
was designed by the same Johnson responsi- 
ble for development of the Mk A with leaf- 
‘Sprung suspension and (from February 1918) a 


modified Eagle aero engine. It was not thought 
practical to modify in-service Mk As in thia 
fashion, but the capabilities of the single ex- 
perimental vehicle did not go unremarked. 
With the support of the corps’ chief engineer, 
in May 1918 the Tank Corps’ chief-of-staff, Col- 
onel J.F.C. Fuller, produced his now-classic 
Tactics of the Attack as Affected by the Speed 
and Circuit of the Medium D Tank. This was the 
direct inspiration for ‘Plan 1919", which en- 
visaged a breakthrough on a 90-mile (145-km) 
front by concentrated masses of battle tanks 
(mostly Mk V** and Mk VIII types) to allow an 
exploitation by Mk C and Mk D medium tanks, 
supported by lorried infantry and close-sup- 
port aircraft. 

The core of the concept was the Medium 
Tank Mk D, the development of which was en- 
trusted to Johnson, who capitalized on his 
Whippet experimental programme to suggest 
a machine capable of high cross-country 
speed as a result of its automotive system, 
which was to comprise a converted aero 
engine and sprung tracks that had two-axis 
freedom of movement. In basic shape the Mk 
D was similar to the Mk A, but convention was 
flouted by the fact that Johnson's layout was 
exactly opposite to the Mk A, with the lower 
end of the track at the front to provide good 
fields of vision and fire for the four men in the 
front-mounted barbette, which was well 
shaped and fitted for an armament of perhaps 
three Hotchkiss machine-guns in the female 
version, that was later to be supplemented by 
amale version with a short 6-pdr (57-mm) gun. 


Medium Tank Mk C Hornet 
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The unusual shape of the 
Medium Tank Mk D was 
designed to provide the 
crew with superior fields 
of vision to the front, and 
the type also had the 
Johnson combination of 
wire rope suspension and 
articulated tracks for high 
cross-country speed. This 
vehicle is seen on trials in 
India, where asbestos 
cladding was added in an 
effort to reduce the effect 
of heat on the crew. (RAC 
Tank Museum) 


34 


Development was protracted, and four pro- 
totypes (the first appearing in May 1919) were 
followed by only two production machines 
before the programme was cancelled in 1921. 
Powered by a 240-hp (179-kW) Armstrong Sid- 
deley Puma aero engine driving through epi- 
cyclic gears, the Mk D weighed 44,800 Ib 
(20,321 kg) and was 30 ft (9.14 m) long. Max- 
imum speed was 25 mph (40 km/h), and the 
tank's combat radius was about 200 miles 
(322 km). 

At much the same time that Colonel Swinton 
was first pleading his case to the War Office 
for armoured fighting vehicles, the same pat- 
tern of events was emerging in France, where 
Colonel J.E. Estienne had seen the cross- 
country capability of the Holt tractor and, 
working from this conceptual basis, advocated 
the development of what he called a cuirasse 
terrestre (land battleship) to unlock the static 
nature of trench warfare. Estienne's ideas 
found ready acceptance by General Joseph 
Joffre, the French field commander, who saw 
great tactical utility for Estienne's original con- 
cept for a 4,000-kg (8,818-Ib) armoured tractor 
with a crew of four and able to drag a 7,000-kg 
(15,432-Ib) armoured sled carrying 20 infan- 
trymen. The similarity to Swinton's original 
thinking is strong, and Estienne's tactical no- 
tion was that such an armoured force could 
'sandwich' the occupants of the desired 
trench by pushing half its strength across the 
trench to isolate it and keep it under machine- 


gun fire. 

As noted above, Joffre saw the advantages 
of such a combination, but was sufficiently 
astute to realize its impracticality. Ultimately. 
the French army reached the same conclu- 
sions as the British about the need for a track- 
ed armoured vehicle that could cross barbed- 
wire and knock out the German machine-gun 
posts, and so open the way for the attacking in- 
fantry. Joffre therefore ordered Estienne to 
Paris, there to liaise in the development of 
France's first tank with Eugene Brillié of the 
Schneider-Creusot company. Schneider- 
Creusot was the French licensee of the 
American Holt company, which had supplied 
one 45-hp (33.6-kW) and one 75-hp (55.9-kW) 
machine for trials purposes in May 1915. The 
basic design made extensive use of Holt com- 
ponents and practices, and was completed 
towards the end of 1915: on 31 January 1916 
an order was placed for 400 of these tanks, to 
be designated Char d'Assaut 1 (CA 1) 
Schneider and delivered by November 1916. 
August 1916 saw the creation of the Artillerie 
d'Assaut, as the French tank arm was named, 
and in September the first CA 1 Schneiders 
were delivered, just before Estienne was ap- 
pointed commander of the tank arm at the end 
of the month. 

The CA 1 Schneider was based on the Holt 
track system, which in this application was 
sprung by vertical coil springs, but was notable 
for its short overall length and very limited for- 
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ward rise. The all-important trench-crossing 
nd parapet-climbing capabilities were there- 
an indifferent 1.75 and 0.8 m (5.74 and 
262 ft) respectively, and ground clearance 
was also too small to give the tank useful per- 
formance under adverse conditions. The hull 
жаз basically rectangular, with a boat-hull 
nose section to aid parapet-climbing and re- 
Guce the tank's chances of embedding its 
позе in mud, and terminated at its front in a 
елде serrated wire cutter. At the rear were a 
pair of upward-curving projections, designed 
® improve trench-crossing capability by in- 
creasing the tank's effective length. The CA 1 
Schneider was armoured to a maximum thick- 
mess of 11.5 mm (0.45 in). 

The vehicle weighed 13,500 kg (29,762 Ib) 
under combat conditions, and was powered by 
a 55-hp (41-kW) Schneider petrol engine 
located at the front left of the vehicle (with the 
iver to its right), driving the tracks via a crash 
gearbox: steering was effected by clutches 
and brakes on the half shafts. As in the British 
Mk |, the petrol tank was located internally, 
feeding the engine by gravity. The CA 1 Sch- 
meider had a crew of six (an officer as com- 
mander/driver, an NCO as second-in-com- 
mand, and four enlisted men in the forms of 
gunner, loader and two machine-gunners), 
who entered and left the tank via large double 
Goors іп the rear. The armament was planned 
originally as one 37-mm gun and machine- 
guns, but the definitive fit comprised one 
Short-barrel 75-mm (2.95-in) Schneider gun 
with 90 rounds and two 8-mm (0.315-in) Hotch- 
kiss machine-guns with a total of 4,000 rounds. 
The gun was located in a narrow embrasure on 
the right towards the front of the vehicle, 
which allowed traverse of only 60° and eleva- 
fon in an arc between —10° and +30°, 
severely limiting the capabilities of this other- 
wise useful main armament. The machine- 
Suns were located in substantial ball-and- 
socket mountings on the hull sides, each 
mounting allowing traverse of 106° and eleva- 
боп in an arc between — 45° and + 20°. 

The CA 1 Schneider first saw action at 
Berry-au-Bac near the Chemin des Dames on 
16 April 1917: of the 132 tanks committed, no 
fewer than 57 were destroyed and many 
others were damaged beyond economical 


Schneider Char d’Assaut 1 
(France) 


Type: assault tank 

Crew: 6 

Combat weight: 14,600 kg (32,187 Ib) 
Dimensions: length overall 6.32 m (20.735 ft); 
width 2.05 m (6.73 ft); height 2.30 m (7.55 ft) 
Armament system: one 75-mm (2 95-in) gun with 
90 rounds and two 8-mm (0.315-in) machine-guns 
with 4,000 rounds 

Armour. 11.5 mm (0.45 in) maximum 
Powerplant: one 41-kW (55-hp) Schneider petrol 
engine 

Performance: speed, road 7.5 km/h (4.6 mph); 
range, road 48 km (30 miles); gradient 57% ; ver- 
tical obstacle 0.787 m (2.58 1); trench 1.75m 
(5.74 ft) 


Bottom The Ghar 
d'Assaut Schneider CA 4 
was France's first tank. iis 
boat front being 
designad to provida 
adequate climbing ability. 
The nosepiece was a wire- 
cutting device, and the 
very limited traverse of the 
75-mm (2.95-in) gun is 
notable. (RAC Tank 
Museum) 


Schneider CA 1 
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repair. The primary cause of this disaster was 
a combination of poor design and the Ger- 
mans' special 'K' bullet with its tungsten car- 
bide core, which could penetrate the French 
armour without undue difficulty. The poor 
design concerned mainly the dismal ventila- 
tion and the location of the fuel tankage right 
next to the machine-guns, and after several 
tanks had blown up the CA 1 Schneider was 
dubbed the ‘mobile crematorium’, an epithet 
that it was slow to lose, even after the internal 
tankage had been replaced by two armoured 
external tanks, each holding 100 litres (22 Imp. 
gal.); ventilation was also improved, but re- 
mained problematical under certain condi- 
tions. Protection was enhanced by the addition 
over the most vulnerable areas of rudimentary 
spaced armour 5.5 mm (0.22 іп) thick and 
located some 40 mm (1.57 in) from the base 
armour; this added about 500 kg (1,102 Ib) to 
the tank's combat weight. 

The CA 1 Schneider remained in service up 


-to the Armistice, but was neither popular nor 


Successful. Developments were planned as 
the CA 2 (with the 75-mm/2.95-in embrasure 
gun replaced by a 47-mm gun ina rotating roof 
turret) and the CA 3 (with twin roof turrets in a 
longer hull and powered by a 100-hp/76-kW 
engine): the CA 2 attained prototype form, but 
the CA 3 did not reach even this stage. Later in 
the war the CA 1 Schneider found additional 
employment as a supply tank, the embrasure 
gun being removed and another door fitted in 
its place to create the Schneider Char de 
Ravitaillement. 

Development and production of the CA 1 
Schneider had bypassed the French army's 
normal vehicle procurement executive, the 
Service Technique Automobile, which was suf- 
ficiently piqued to instigate the design and 
construction of another battle tank. This was 
the Char d'Assaut Saint Chamond, designed 
by Colonel Rimailho and ordered from the 
Compagnie des Forges et Aciéries de la 
Marine et Homecourt (FAMH) at Saint Cha- 
mond. The first prototype was completed in 
February 1916, and two months later the STA 
ordered 400 of the type. Like the CA 1 Schneid- 
er, the CA Saint Chamond was based on the 
Holt sprung tractor system, though in this ap- 
plication with the track length increased by 


Char d'Assaut St Chamond 
(France) 


Type: assault tank 

Crew: 8 

Combat weight: 22,000 kg (48,501 Ib) 
Dimensions: length overall 8.687 m (21.94 ft); 
width 2.667 m (8.75 ft); height overall 2.362 m 
(7.75 ft) 

Armament system: one 75-mm (2.95-in) Canon 
de 75 Modéle 1897 L/36 rifled gun with 106 
rounds and four 8mm (0.315-in) Hotchkiss 
machine-guns (one bow, one rear and two beam), 
with 7,488 rounds; the main gun was stabilized in. 
neither elevation nor azimuth, and simple optical 
Sights were fitted 

Armour: riveted steel varying in thickness from 
5.5 to 17 mm (0.22 and 0.67 in) 

Powerplant: one 67.1-kW (90—hp) Panhard 
Petrol engine with 250 litres (55 Imp. gal.) of fuel 
driving one CrochatCollardeau electrical 
generator powering one motor attached to each 
drive sprocket 

Performance: speed, road 8 km/h (4.9 mph); 
range, road 60 km (37.3 miles); gradient 57%; 
vertical obstacle 0.381 m (1.25 ft); trench 2.45 m 
(8.04 ft); ground clearance 0.33 m (13 in) 


about 0.3 m (0.98 ft). This was clearly a basic 
improvement over the trackwork of the CA 1 
Schneider, but was totally offset by the 
superimposition of an extraordinarily long hull, 
increasing overall length from the 6.32m 
(20.75 ft) of the CA 1 to 8.69 m (28.51 ft): the 
result was cross-country performance still 
worse than that of the CA 1, with the tendency 
to ditch even on only slightly undulating 
ground: in terms of performance in front-line 
conditions this translated into trench-crossing 
and parapet-climbing capabilities of only 2.4 
and 0.38 m (7.87 and 1.25 ft) respectively. 
Two unusual features of the CA Saint Cha- 
mond were its provision for a rear driving posi- 
tion (the only time this has been featured in a 
tracked fighting vehicle) and its use of electric 
drive for the tracks. The Crochat-Collardeau 
electric generator was driven by a 90-hp 
(67.1-kW) Panhard petrol engine, and current 
was supplied to the electric motors attached 
to each track's drive sprocket. Differential 
powering of the tracks provided considerable 
agility within the limitations imposed by the 
hull, and despite a combat weight of 22,000 kg 


———— 


© Jt Rue вв 


01 Ib) the CA Saint Chamond had useful 
ance, including a maximum speed of 
(4.9 mph), but a range of only 60 km 
37 miles). The primary disadvantage of the 
ectric drive system was its weight, which ad- 
to the mobility problems engendered by 
= long hull. The hull was armoured to a max- 
thickness of 11.5 mm (0.45 in), and ter- 
lated at its forward end in a well-sloped 
Час plate above an angled-back vee-shaped 
surface designed to help the tank ride 
over earth banks and the like. 
The CA Saint Chamond possessed a crew of 
‘Sight, including the driver and commander 
who each had a small cupola at the front of the 


vehicle, and access to the vehicle was provid- 
ed by a door in each side plus a third in the tail 
plate. The armament comprised one 75-mm 
(2.95-in) Saint Chamond TR commercial gun 
(first 165 vehicles) or one 75-mm (2.95-in) Mo- 
déle 1897 gun (last 235 vehicles) with 106 
rounds, and four 8-mm (0.315-mm) Hotchkiss 
machine-guns with a total of 7,488 rounds. The 
TR main gun was located in a limited-traverse 
mounting in the glacis plate, and the machine- 
guns were placed one in the bow (on the lower 
right-hand side), one in the tail plate, and one 
on each side of the hull. 

Deliveries of the CA Saint Chamond began 
in late 1916, and the type was first used in ac- 
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Though it had its good 
points, the French Char 
d'Assaut St Chamond had 
inadequate tracks and far 
too long a forward 
overhang to give the 
vehicle adequate climbing 
ability for trench warfare 
or even cross-country 
mobility. This is a model 
from late in the 
production run, with a 
Sloping rather than flat 
roof. (RAC Tank Museum) 
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tion on 5 May 1917 at Moule de Laffaulx. In this 
first engagement the limitations of the design 
became all too apparent: of 16 CA Saint 
Chamonds committed, 15 ditched in the first 
line of German trenches. Further action con- 
firmed the need for modification, successive 
efforts increasing the armour to a maximum 
thickness of 17 mm (0.67 in) against the effect 
of the German 'K' anti-tank bullet, a raised for- 
ward section of the hull, the elimination of the 
commander's cupola, the replacement of the 
original flat roof with a pitched roof so that 
grenades would roll off, and the use of wider 
tracks. These improved the CA Saint Cha- 
mond's capabilities, but nothing could be done 
about the basic design flaw in the vehicle’s 
configuration, and from May 1918, when the 
final deliveries were made, the type was in- 
creasingly stripped of its main gun and used 
for supply tasks as the Char Saint Chamond de 
Ravitaillement. 

Both the French chars d'assaut were 
perhaps ahead of their British contemporaries 
in gun calibre, and in the location of this single 
weapon on a central mounting, but the French 
designers had been too impressed with the 
cross-country capabilities of the Holt tractor to 


realize that a long track length combined with 
a large forward rise were essential to ade- 
quate trench performance. The two French 
tanks were thus little more than incidentals to 
the French army's war effort, though they did 
play an important part in the development of 
"tank consciousness' and in the evolution of 
tank tactics and organization. However, the 
most important French tank of the First World 
War was an altogether different machine, the 
Renault FT light tank, the designation indi- 
cating Faible Tonnage (light weight). The 
concept stemmed from Estienne's desire for 
a lightweight partner to his CA 1: the heavy 
tank would crush barbed wire and deal with 
the German strongpoints, and the light- 
weight machine would accompany the 
attacking infantry to suppress any surviving 
pockets of German resistance and develop 
the exploitation phase of any breakthrough. 
Estienne's first choice as partner in the 
design and development of the CA 1 had been 
the company headed by Louis Renault, but 
Renault had declined Estienne's invitation on 
the grounds that the company lacked any ex- 
perience in heavy tracked vehicles and was, in 
any case, heavily committed to other efforts. 
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However, by 1916 Renault had become involv- 
=< in production of tracked vehicles (mainly 
actors for the French artillery), and was more 
weceptive when Estienne proposed a col- 
borative venture to produce the desired light 
There remains some doubt as to the ex- 
гї design parentage of the resulting FT, 
ih Renault and a subordinate (Serre) were 
ainly involved, and its seems likely that Es- 
e exercised more than a watching brief 
er the project. 
Yet again Estienne bypassed the normal 
mnnels of procurement, and in October 
316 went straight to Joffre with his scheme 
4,000 examples of a 4,000-kg (8,818-Ib) 
tank carrying one 8-mm (0.315-in) ma- 
jun or, in a small number, one 37-mm 
in a 360° traverse turret, possessing a 
um height of 1.75 m (5.74 ft), armoured 
inst small arms fire and possessing a max- 
speed of 12 km/h (7.5 mph). Estienne 
so proposed, іп a very far-sighted manner, 
Sat a number of the machines should be com- 
ed with wireless equipment to allow com- 
ion between commanders and their 
forces. Though there was considerable 
nce from some parts of the French war 
ry apparatus, Estienne's notion found 
ficient favour to secure authorization of 
ototype production after a mock-up had 
sen completed at the end of 1916. The first 
сїоіуреѕ appeared in February and March 
3917, and immediately displayed excellent 
alities in trials at the Champlieu camp. An in- 
order for 150 FTs was placed on 22 
агу 1917, but at the insistence of 
eneral Henri Pétain, the French 
iander-in-Chief, this was to total 3,500 
Jes for delivery by the end of 1918, and 
'&dditional orders then increased the planned 
‘production run to more than double this figure. 
was clear that Renault could not handle the 
ers on its own, and this important pro- 
gramme soon involved Belleville, Berliet, 
Delaunay, Renault and SOMUA (Société 
-Outillage Mécanique et d'Usinage d'Artille- 
"e as manufacturers with a large number of 
‘other companies (including some in the UK) as 
‘sub-contractors. 
The FT was an unusual, but interesting and 
successful tank in its technical and tactical 


features. Technically, the tank lacked a con- 
ventional chassis but was rather a monocoque 
of riveted armour plate between 6 and 16 mm 
(0.24 and 0.63 in) thick, a box-like structure to 
which were attached the major internal and 
external components, terminating at the tail in 
an upswept plate that increased the effective 
length of the vehicle as an aid to trench cross- 
ing, which was 1.35 m (4.43 ft) without and 
1.8 m (5.91 ft) with the tailplate. The hull ac- 
commodated the driver at the front, the turret 
in the centre, and the combined engine and 
transmission assembly at the rear. The driver 
gained access to his position via twin frontal 
doors, and the other crew member, the com- 
mander/gunner, used rear doors to enter the 
turret, which had a maximum thickness of 
22 mm (0.87 in). Tho turrot, eurmountad at ite 
rear by a mushroom-shaped observation cup- 
ola, was the world's first to offer 360° trav- 
erse, resting on a ball race for ease of manual 
movement, with a neat handbrake to lock the 
turret on the desired bearing. The armament in 
the first machines to enter service was an 
8mm  (0.315-in) Hotchkiss machine-gun 
capable of elevation in an arc between — 20* 
and + 35°. Some 4,800 rounds of ammunition 
were carried. The engine was a 35-hp 
(26.1-kW) Renault petrol unit, driving the 
tracks by means of a crash gearbox, with a 
clutch-and-brake system used for steering. 
Suspension of the tracks was achieved by coil 
and leaf springs for the four bogies (nine road 
wheels), and at the front of each track was a 
large idler to provide sufficient track rise for 
the FT to climb a 0.6-m (1.97-ft) parapet. The 
idlers comprised a steel rim over laminated 
wood centres, and there were six track-return 
rollers. 

The first production tanks were completed 
in September 1917, but the whole programme 
was hampered by shortages of the special 
cast steel turret and by arguments within the 
army about the precise nature of the arma- 
ment to be fitted. By the end of the year 
Renault had delivered only 83 examples of the 
initial variant, which was designated the Char 
Mitrailleuse Renault FT 17 and first used in 
combat on 31 May 1918 in the Forét de Retz. 
The turret problem proved impossible to solve 
in the short term, and after the delivery of 
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some pre-production vehicles with cast tur- 
rets, the producers designed their own eight- 
sided turret of riveted plate construction, al- 
lowing larger-scale production from about the 
middle of 1918 for the delivery of 3,177 tanks 
before the Armistice, against orders that cur- 
rently totalled 7,820, including 3,940 from 
Renault. When the cast turret began to arrive 
in useful numbers it was installed on a version 
generally designated FT 18. In 1921 the 
French army still deployed the FT in substan- 
tial quantities: of the total of 3,728 such vehicl- 
es, 2,100 were armed with a machine-gun 
1,246 were armed with a 37-mm gun, 39 were 
armed with a 75-mm (2.95-in) gun, 188 were fit- 
ted with wireless equipment, and 155 were 
training tanks. 

The second FT version to appear was the 
Char Canon Renault FT 17, in which the turret 
accommodated a 37-mm Puteaux gun 
capable of elevation іп an arc between + 20° 
and +35°. Ammunition stowage was provid- 
ed for 200 HE, 25 armour-piercing and 12 
shrapnel rounds (237 rounds in all). Production 
orders for the gun-armed version totalled 
1,830 units, and together with the standard 
model with a machine-gun, it was used by 
countries including Belgium, Brazil, Canada, 
China, Czechoslovakia, Finland, Greece, Italy 
(with modification as the Fiat 3000), Japan 
(Type 79 Ko-Gata Sensha), Manchuria, the 
Netherlands, Poland, Spain, the UK, the USA 


Char Canon Renault FT17 
(France) 


Type: light tank 
Crew: 2 

Combat weight: 6,800 kg (14,991 Ib) 
Dimensions: length overall 4.10 m (13.45 ft) or 
5.00 m (16.40 ft) with optional tail; width 1.74 m 
(5.71 ft); height overall 2.14 m (7.02 ft) 
Armament system: one 37-mm SA Canon rifled 
gun with 237 rounds; the turret was manually 
operated, the gun was stabilized in neither ele- 
vation (-20 to +35) nor azimuth (360), and 
simple optical sights were fitted 

Armour: riveted steel varying in thickness bet- 
ween 6 and 16 mm (0.24 and 0.63 in) 
Powerplant: one 26-kW (35-hp) Renault petrol 
engine with 100 litres (22 Imp. gal. of fuel) 
Performance: speed, road 7.7 km/h (4.8 mph); 
range, road 35 km (21.75 miles); fording 0.7 m 
(2.3 ft); gradient 50%; vertical obstacle 0.6 m 
(1.97 ft); trench 1.35 m (4.43 ft) or 1.8 m (5.91 ft) 
With optional tail; ground clearance 0.435 m 
(17.1 in) 


(6-Ton Tank M1917), the USSR (KS, and with 
modification MS-1 and MS-2) and Yugoslavia. 

The other two initial variants were the Char 
Canon Renault 75S with a short-barrel 75-mm 
(2.95-in) gun in a riveted heptagonal turret with 
a bustle to accommodate the gun recoil, and 
the three-man Char Renault Télégraphe San 
Fil with a boxlike superstructure and tall aerial 


m 


© JLRue88 


Renault FT 17 
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е wireless equipment needed in the com- 
id role. The variant with the 75-mm 
in) gun was really a self-propelled gun, 
nd though orders were placed for 970 units, 
pe was so delayed that it did not appear 
until after the Armistice, thereafter being pro- 
duced only in very small numbers, mainly for 
service in North Africa. 

The FT was also developed after the war in 
2 number of largely experimental forms as the 
Fascine (trench-filler with up to three 
nes), Char Démineur (mine clearer, with 
ploughs on hinged forward arms), Char 
jecteur (internal-security searchlight vehi- 

with a tall mast supporting twin sear- 
ights a smoke-laying vehicle, ап am- 
hibious vehicle, a bridgelayer, a bulldozer, 
ind a cargo carrier with a largely redesigned 


hull. The FT was also used as the basis for ex- 
perimental work with the Citroen-Kégresse 
suspension and rubber-band track system for 
higher speeds and quieter running. Trials with 
continuous rubber tracks were undertaken in 
1924 and 1925, and though much interesting 
data was collected, nothing came of the 
system. From 1931 the remaining FT 17 and 
FT 18 vehicles were refitted with the new 
7.5-mm (0.295-in) Hotchkiss Modèle 31 
machine-gun, and  redesignated Char 
Mitrailleuse Renault FT 31: this variant's am- 
munition stowage was 4,050 rounds, including 
400 armour-piercing rounds. 

The FT remained in widespread service bet- 
ween the two world wars, seeing service in 
Morocco, Syria and Tunisia, before meeting its 
end in the German invasion of France during 


An American tank unit 
with French Renault FT17 
light tanks just before the 
opening of the Meuse- 
Argonne offensive in 
1918. The front vehicle 
has a riveted flat-plate 
turret with a 37-mm 
Puteaux cannon, while the 
vehicle behind it has the 
moulded conical turret 
that proved so 
troublesome to produce. 
(WM) 
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May and June 1940. Machines captured by the 
Germans were used for internal security dut- 
les, with the designation PzKpfw 18R 730(f). 

It is worth noting that even in the 1920s the 
French sought to capitalize on the capabilities 
ofthe basic FT design by producing an upgrad- 
ed model as the Char NC 1, otherwise designa- 
ted the Char NC27 and intended as an infantry 
support tank. This was considerably upar- 
moured from the standard of the FT, with a 
maximum of 34 mm (1.34 in) on the turret front 
and 30 mm (1.18 in) on the hull front for a com- 
bat weight of 8,500 kg (18,730 Ib). Power was 
provided by a 60-hp (44.7-kW) Renault petrol 
engine for a maximum speed of 18 km/h 
(11.2 mph), and on each side the suspension 
comprised three coil-spring columns combin- 
ed with six-hydro-pneumatic shock absorbers 
for three four-wheel bogies; there was also an 
independent wheel at the front. Armament 
was either one machine-gun or one 37-mm 
gun, and though the type was not adopted by 
the French army, it was exported to Japan as 
the Otsu-Gata Sensha, and to Yugoslavia. 

The NC 1 was followed by the Char NC 2, 
otherwise designated the Char NC31. This 
was similar to the NC 1 (NC27), but weighed 
9,500 kg (20,944 Ib), was fitted with heavier 
tracks and powered by a 75-hp (55.9-kW) Ren- 
ault petrol engine, and carried an armament of 
two 7.5-mm (0.295-in) machine-guns. Small 
sales were made to the Greek army. 

This was the mainstream of French tank de- 
velopment in the First World War, and though 
a few experimental types were developed, 
these generally failed to lead anywhere. The 
exception was the Char 1, developed in two 
forms as a char de rupture (breakthrough tank) 
for the planned 1919 offensives, and most im- 
portant as the precursor of the Char 2C 
discussed in the next chapter. 

Given the dominant role played by German 
armour in the first half of the Second World 
War, it is interesting to note that in the First 
World War, Germany was most decidedly an 
'also ran' in the tank stakes. An overly cau- 
tious approach to the tank was not for lack of 
prodding, for many army officers and civilians 
had advocated the development of tracked ar- 
moured vehicles. The army was not without 
sympathy for the concept, but having decided 


that no civilian tracked chassis were im- 
mediately useful as a development origin, 
opted to concentrate its limited effort on ar- 
moured versions of cars and trucks. By 1915 it 
was clear that these offered no real utility in 
trench conditions, and German efforts were 
concentrated on a tracked version of the 
Bremen Marien Wagen, essentially a version 
ofthe Daimler 4,000-kg (8,818-Ib) truck with its 
rear wheels replaced by tracked units. By Oc- 
tober 1916 the front wheels had also been 
replaced by undriven tracked units, and in 
March 1917 an armoured body was installed. 
Plans envisaged an armed version, but any ra- 
tional appraisal confirmed the type's lack of 
combat value. 

By this time the British Tank Mk | had been 
used in combat, and the German army was 


.now fully aware of the possibilities of the true 


tank, even in its most rudimentary form. A ma- 
jor effort was launched towards the creation of 
& German tank superior in all significant cap- 
abilities te the British tank. Initial contracts 
were placed on 13 November 1916 and finaliz- 
ed on 22 December of the same year for the 
new vehicle. Herr Steiner, the German repres- 
entative of the Holt company, was called in as 
adviser on the tracks, and the initial specifica- 
tion called for a Gelándespanzerwagen (all- 
terrain armoured vehicle) weighing 30,000 kg 
(66,138 Ib) and powered by a 100-hp (74.6-kW) 
engine for road and cross-country speeds of 


Sturmpanzerwagen A7V 
(Germany) 


Type: battle tank 

Crew: 18 

Combat weight: 32,510 kg (71,671 Ib) 
Dimensions: length overall 8.00 m (26.25 ft); 
width 3.20 m (10.50 ft); height 3.50 m (11.48 ft) 
Armament system: one 57-mm gun with 500 
rounds and six 7.92-mm (0.312-in) М@08/15 
machine-guns with 18,000 rounds 

Armour: between 10 and 30mm (0.39 and 
1.18 in) 

Powerplant: two 74.6-KW (100-hp) Daimler 
165204 petrol engines 

Performance: speed, road 9km/h (5.6 mph); 
range, road 80 km (49.7 miles); gradient 30°; ver- 
tical obstacle 0.455 m (1.49 ft; trench 2.2m 
(7.22 ft); ground clearance 0.2 m (8 in) 
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A7V Sturmpanzerwagen 
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A veritable strongpoint on 
tracks, the Germans’ A7V 
was tactically 
disadvantaged by its size, 
dismal performance and 
unwieldy crew drawn from 
several army branches. 
(Bundesarchiv) 


44 


12 and 6 km/h (7.5 and 3.7 mph) respectively 
with an armament of two guns (one in the front 
and the other in the rear) plus flank-mounted 
machine-guns or, in unarmed form, a payload 
of 4,000 kg (8,818 Ib). 

The specification was hopelessly unreal- 
istic, and failed to take into significant account 
the actualities of front-line terrain. The Ger- 
mans had an enormous technical effort to 
make in their attempt to catch up with the 
British, but like the French they made a great 
mistake in relying on the existing Holt track 
system as the core of their new vehicle, 
regardless of the fact that it lacked the cross- 
country capabilities manifestly required for 
parapet climbing and trench crossing. Work- 
ing with Steiner, who was primarily tasked with 
the much-lengthened Holt track system, Josef 
Vollmer designed a truly massive machine 
with a crew of 18 that first ran in prototype 
form in April 1917. A wooden mock-up of the 
definitive version was inspected by the Ger- 
man general staff representatives on 14 May 
1917, and the design was accepted for pro- 
duction as the Sturmpanzerwagen A7V, the 
alphanumeric portion being the abbreviated 
form of the responsible department of the Ger- 
man war ministry, Allgemeine Kriegsdepart- 
ment 7 Abteilung Verkehrswesen (General 


War Department 7, Transport Section). The 
prototypes were thoroughly tested during the 
summer, providing striking evidence of the 
design's failings, particularly in the track and 
engine-cooling systems. 

On each side the track ran on 15 road 
wheels in three bogies with coil spring suspen- 
Sion. The tracks were powered by rear 
sprockets driven via half-shafts (each with a 
Steering brake) from the final transmission 
placed at the rear of the A7V's large single in- 
terior compartment. The final transmission 
was itself driven by an extension shaft projec- 
ting from a gearbox taking power from the two 
100-hp (74.6-KW) Daimler 165204 petrol en- 
gines in the centre of the vehicle under the 
driver and commander, who sat with 
shoulders and heads in the large cupola on the 
tank roof. It was a practical, though heavy, 
drive system, but decidedly lacking in power 
for a vehicle weighing 29,900 kg (65,917 Ib) 
unladen and 32,510 kg (71,671 Ib) laden. This 
led to limited engine life and to overheating 
under all but the best of road conditions. 

The tracks had a ground length of 4.5 т 
(14.76 ft), compared with an overall vehicle 
length of 8.0 m (26.25 ft), and the return run of 
the tracks was usefully protected by the lower 
edges of the rolled steel armour, which varied 
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in thickness from a minimum of 10mm 
10.39 in) to a maximum of 30 mm (1.18 in). 
However, the tracks lacked significant rise at 
their forward ends, limiting the A7V's parapet- 
climbing capability to a mere 0.455 m (1.49 ft); 
the vehicle's trench-crossing capability was 
2iso disappointing at 2.2 m (7.22 ft), and the 
‘ground clearance of 0.2 m (7.87 in) meant that 
‘Me tank bellied on all but the levellest of hard 
surfaces; its performance on soft ground was 
'& course poorer still. 

In short, the A7V had been designed as an 
armoured fort to co-operate with the infantry, 
But the German designers concentrated on 
е armoured fort notion to the virtual exclu- 
Sion of the mobility aspect. And in fortress 
terms the huge A7V was good: the main arma- 
ment, located in the bow plate with a traverse 
052 25° left and right, was a 57-mm Sokol can- 
mon (from captured stocks) plus 500 rounds, 
‘while the secondary armament comprised six 
3.92-mm (0.312-in) MG08 machine-guns with a 
ха! of 36,000 rounds. The machine-guns 
‘were located two in each side and two in the 
fear. The large crew was drawn from three 
‘Separate army branches, rather than from a 
Homogeneous tank corps: the driver and two 
mechanics were engineers, the two men on 
Be 57-mm gun were artillerymen, and the 
‘commander and 12 machine-gunners were 
infantrymen. 

The first vehicle was delivered іп 
‘September 1917, the first fully-armoured ex- 
‘ample following on 1 October of the same 
year. Daimler of Berlin was responsible for 
manufacture, the armour coming from Krupp 
in Essen and from Steffens & Noelle in Berlin. 
There were considerable variations in the 
Quality and nature of the armour plate sup- 
plied, some A7Vs having a hull made of a few 
farge plates, but most having hulls in which 
smaller plates were riveted together; splash 
was a particular problem with the latter. There 
were still a large number of problems with the 
type, but the German general staff decided 
that it could wait no longer for improvements 
апа ordered 100 A7Vs on 1 December 1917, 
with delivery to be completed by the time of 
‘the great spring offensives planned for 1918. 
Daimler, on the other hand, thought that a 
delivery rate of five per month was more prac- 


tical, and in fact only 35 or fewer machines 
had been delivered by the timo of the Ar- 
mistice. The type was first used operationally 
in the Battle of St Quentin on 21 March 1918, 
and proved next to useless for any task other 
than boosting the morale of the German infan- 
try. On 24 April the first tank-versus-tank en- 
gagement saw the pitting of one A7V against 
two Tanks Mk IV Female, which were forced to 
pull back before a Mk IV Male arrived and 
knocked out the A7V. The Mk IV Male was then 
engaged by two more A7Vs that had arrived: 
one was knocked out by the Mk IV Male’s 6-pdr 
(57-mm) fire, and the other climbed a bank and 
overturned. After the war a number of A7Vs 
were supplied to Poland, which used the type 
for the defence of Warsaw in the Russo-Polish 
War of 1920. 

The only A7V variant was the A7U 
(Uberlandwagen), developed as a supply tank 
with the load carried inside the erstwhile fight- 
ing compartment. This variant had a mild steel 
rather than rolled plate body. About 30 of these 
machines were built, but like the A7Vs they 
suffered from their inherently bad cross- 
country capability. 

This deficiency in mobility was fully ap- 
preciated by the Germans, and in an effort to 
ameliorate the problem the A7V design team 
produced the A7V/U (Umlaufende Kette, 
meaning all-round tracks) with a configuration 
modelled on the British Mk IV, though on a 
larger scale for a length of 8.5 m (27.89 ft). 
This seven-man machine was ordered into 
production during September 1918 but ap- 
peared only in prototype form, and with an ar- 
mament of two sponson-mounted 57-mm guns 
plus four MGO8 machine-guns turned the 
scales at some 39,600 kg (87,302 Ib) for a 
maximum speed of 12 km/h (7.5 mph) on the 
210hp (157 kW) provided by two petrol 
engines. The maximum armour thickness was 
30 mm (1.18 in). The type was also projected 
in two variants as the A7V/U2 with smaller 
sponsons and a machine-gun in the large roof 
cupola, and the A7V/U3 as a female with arma- 
ment limited to machine-guns. 

The ultimate expression of Germany's desire. 
for massive tanks in the First World War is the 
‘K-Wagen’, otherwise called the Grosskampf- 
wagen, and at a weight of 150 tonnes one of 
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the heaviest tanks ever projected. The design 
was by Vollmer, and was intended to provide 
the German army with a 22-man break- 
through tank for service in 1919. The whole 
machine broke into four parts for rail transport, 
and comprised a hull on four roller-type track 
units, and two large sponsons. The armament 
was to have been four 77-mm (3.03-in) guns 
with 800 rounds and seven MG08 machine- 
guns with 21,000 rounds, and the maximum 
armour thickness was 30 mm (1.18 in). Power 
was provided by two 650-hp (485-kW) Daimler- 
Benz aero engines via electro-magnetic clutch 
transmissions, for a maximum speed of 
7.5 km/h (4.7 mph), and this vast machine was 
13.0 m (42.65 ft) long. The two incomplete pro- 
totypes were broken up by the Allies in 1919. 

Despite his involvement in these program- 
mes for the German army's heavyweight 
tanks, Vollmer was more interested in light 
tanks, which he saw as more useful, and also 
better suited to Germany's declining ability to 
produce sophisticated equipment. The spur 
for the final development of light tanks was the 
arrival in action of the British Medium Tank Mk 
A Whippet. Vollmer's initial efforts resulted in. 
the Leichte Kampfwagen |, which appeared in 
prototype form during 1918. The 7,000-kg 
(15,432-Ib) LK I used the chassis of a Daimler 
car (with the existing axles for the front- 
mounted idlers and rear-mounted drive 
sprockets) with a 60-hp (44.7-kW) petrol 
engine to drive the simple tracks. The engine 
was located at the front, with the compartment 
for the three crewmen at the rear. Maximum 
armour thickness was 8 mm (0.315 in), and ar- 
mament a single MG08 machine-gun. The LK | 
was designed as an experimental cavalry 
tank, and paved the way for the definitive LK II 
to meet the specification of the A7V commit- 
tee. In June 1918 two prototypes were trialled, 
and this led to an order for 580 production 
machines with a rear barbette carrying one 
57-mm gun. Like the LK I, this three-man LK II 
was based on a Daimler car chassis, but the 
tracks were revised to provide a higher rise at 
the front, and were fitted with twin mud chutes. 
The maximum armour thickness was 14 mm 
(0.55-in), and at a weight of 8,900-kg (19,621-Ib) 
the vehicle could achieve a maximum speed 
of 18 km/h (11.2 mph) on its 55-hp (41-kW) 


Daimler petrol engine. For the same level of 
protection, the LK Il was lighter than the Mk A, 
2nd was thus both faster and more manoeuv- 
table than the British tank. No production 
machines were completed before the end of 
‘Me war, but the LK II then became the basis of 
е Swedish Strv m/21, which was fitted with a 
qetating turret for its 37-mm gun, had a crew of 
cur, and often carried radio. 

There was also to have been a female ver- 
of the LK II with a rotating turret and ma- 
e-gun armament, while the projected LK 

would have revised the family's layout on a 

-designed chassis to accommodate a 
2 the front. The turret would have ac- 


The ‘only other countries to develop tanks 
the hardware stage during the First World 
were Italy and the USA, which made 
ined efforts but achieved little suc- 
ss. The Italians were slow to get into the 
amour act’, for the conditions in which the 
ians were fighting the Austro-Hungarians 
е totally unlike those of the Western Front 
therefore not particularly suitable for the 
oured concept developed by the British 
d French for their theatre. 
After the cancellation of an initial project, 
d ined by Capitano Luigi Cassali and built by 
si as a cross-country machine with two 
each accommodating a single ma- 
e-gun, the Italians devoted effort to the 
Tipo 2000 Modello 1917 heavy tank, which 
more akin to the ‘mobile fortress’ concept 
ied in the A7V than to the notions of the 
is' main allies, the British and French. 
the German tank, the Italian effort suf- 
from lack of mobility, but, surprisingiy, 
'ssed adequate trench performance in- 
ding parapet-climbing and trench-crossing 
pabilities of 1.0 and 3.0 m (3.28 and 9.84 ft) 
ctively, conferred by the large radius of 
track front and the overall length of 7.4 m 
.28 ft). The 10-man Tipo 2000 was innova- 
in its use of a roof-mounted cylindrical tur- 
accommodating one 65-mm (2.56-in) gun. 
This was a short 1/17 weapon, but the turret 
‘provided 360° traverse and the mounting 
allowed gun elevation in an arc between 
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Leichte Kampfwagen LK 1 


СЕ 


Leichte Kampfwagen LK II 
Germany 


Type: light (cavalry) tank prototype 
Crow: 3 


Combat weight: 8,900 kg (19,261 Ib) 
Dimensions: length overall 5.06m (16.60 ft); 
width 1.95 m (6.40 ft); height 2.50 m (8.20 ft) 
Armament system: one 57-mm gun or two 
7.92-mm (0.312-in) MGOB/15 machine-guns 
Armour: between 8 and 14mm (0.315 and 
0.55 in) 

Powerplant: one 44.7-kW (60-пр) Daimler four- 
cylinder petrol engine. 

Performance: speed, road 16km/h (10 mph); 
range, road 65km (40 miles); gradient 45°; 
trench 2.04 m (6.5 ft) 


— 10? and + 75°; this initial turret was later 
replaced by a hemispherical unit fitted with a 
14-mm (0.55-in) machine-gun in addition to the 
65-mm (2.56-in) gun. Additional firepower was 
conferred by the exceptional secondary bat- 
tery of seven 6.5-mm (0.256-in) Fiat machine- 
guns located in 100?-traverse mountings, one 
at each corner of the boxlike armoured 
superstructure, one in each side and one in 
the rear panel. Armour thickness varied from a 
minimum of 15 mm (0.59 in) to a maximum of 
20 mm (0.79 in), and this substantial protec- 
tion contributed significantly to the. overall 
weight of 40,000 kg (88,183 Ib). Power was 
provided by a 240-hp (179-kW) Fiat A12 aero 
engine, which gave the modestly-sprung vehi- 
cle a maximum speed of 6 km/h 3.7 mph). The 
Tipo 2000 appeared in 1918, and was produc- 
edto the extent of only two prototypes and four 
pre-production machines, the latter remaining 
in service up to 1934. 


Top far left Though of 
poor quality, this 
[are ee of a German 
-Wagon under 
construction in 1918 
reveals the basic layout of 
this massive type with its. 
two roller-type tracks and 
external sponsons for a 
quartet of 77-mm (3.03-in) 
guns 


Far left Germany too 
was interested in the 
concept of the cavalry or 
exploitation tank, this 
pioneering vehicle being 
the Vollmer-designed LK | 
based on the chassis of a 
Daimler car. The rear- 
mounted turret 
accommodated a single 
7.92-mm (0.312-in) 
machine-gun. (RAC Tank 
Museum) 
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Right The Fiat Tipo 
2000 was notable for its 
central turret and heavy 
secondary armament, but 
was high and unwieldy, as 
well as too large for 
Italy's limited production 
capability. (RAC Tank 
Museum) 


Below The Fiat Tipo 
3000 was modelled on the 
Renault FT17, but 
introduced improvements 
and refinements such as a 
transverse engine 
mounted lower in the hull. 
This is a Tipo 3000A 
Modello 1921 with twin 
turret-mounted machine- 
guns rather than the 
Modello 1930's 37-mm 
gun. (RAC Tank Museum) 


The Tipo 2000 was an advanced design for 
its time, but by any realistic assessment, was 
too big and cumbersome for Italian tactical 
needs, let alone Italian industry. Far better 
suited to Italy's needs and capabilities, there- 
fore, was the Renault FT. It was originally plan- 
ned that Italy should manufacture a copy of 
the French original, but in the process of laun- 
ching Italian production, the type was con- 
siderably improved as the Fiat Tipo 3000 Mod- 
ello 1921, with reduced weight (5,500 kg/12, 
125 10) and higher performance, including a 
maximum speed of 24 km/h (15 mph). As can 
be inferred from the designation, the Italian 
Programme resulted in considerable delay, 
and the prototype appeared only in June 1921, 
being accepted for production during 1921 
and entering service in 1923. Externally the 
Tipo 3000 was similar to the FT, but the 50-hp 
(37.3-kW) petrol engine was located in a lower, 
transverse position in the hull rear, and the ar- 
mament comprised a pair of turret-mounted 
6.5-mm (0.256-in) machine-guns with 2,000 
rounds: gun elevation was an arc between 
— 17° and + 24°. The type was later upgrad- 
ed as the 6,000-kg (13,228-Ib) the Tipo 30008 
Modello 1930 with improved suspension, a 
63-hp (47-kW) engine and а turret-mounted 
37-mm gun with 68 rounds, capable of eleva- 
tion in an arc between — 10? and + 20°. Most 
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surviving Modello 1921s were reworked to 
Modello 1930 standard, and the type remained 
in steadily reducing service up to 1943. 

Despite overseas interest in US-designed 
tracked agricultural vehicles as the basis of ar- 
moured fighting vehicles, the US Army was in- 
tially uninterested in the concept, and it was 
1916 before the first American tank designs 
were produced as private ventures. These 
were the C.L. Best Tractor Company's CLB 75 
fen agricultural tractor with a simulated ar- 
mour body and a revolving turret fitted with 
two light guns), the Holt Tractor Company's 
HA 36 (a diminutive one-man machine of 
thomboidal shape and powered by a motor- 
cycle engine), the Holt Tractor Company's 
G-9 (an armoured boxlike body with two tur- 
fets, mounted on the chassis of the Holt 10-ton 
Tractor powered by a 75-hp/55.9-kW petrol 
engine) and, perhaps most significantly of all, 
the Holt Tractor Company's Gas-Electric Tank. 
This last was the first American vehicle 
designed specifically as a tank, and used a 
petrol-electric drive system with a Holt 90-hp 
(67.1-kW) petrol engine to drive a General 
Electric generator supplying current to the 
Single electric motor that powered each track. 
The vehicle weighed 56,000 Ib (25,402 kg) and 
was 16.5 ft (5.03 m) long, the drive system pro- 
viding good manoeuvrability and a maximum 
Speed of 6 mph (9.6 km/h). Armament com- 
prised a 75-mm (2.95-in) Vickers mountain 
howitzer located low in the nose in a limited- 
traverse mounting, and two Vickers machine- 
‘guns in side sponsons. 

The USA came into the war against Ger- 
many in April 1917, and in July of the same 
year it was decided that the American Expedi- 
tionary Forces being prepared for despatch to 
France should have an armoured component 
from a newly-created Tank Corps. It was plan- 
ned to provide the Tank Corps with heavy and 
light vehicles, the British Mk VI being selected 
as the heavy machine and the French Renault 
FT as the light machine. After the Battle of 
Cambrai, however, the Tank Corps decided to 
Switch its heavy tank requirement to the Mk 
Vill, with Mk IVs, Mk Vs and Mk V*s as interim 
wehicles. The FT (including the American 
M1917, originally known as the ‘Six-Ton Spe- 
cial’) and Mk VIII are discussed above, and it is 


worth recording that the Americans also 
buckled down to the task of developing an in- 
digenous tank design in a large-scale pro- 
gramme launched in 1917 and enthusiastically 
pursued in 1918. The programme caught up 
the Gas-Electric Tank, which had first run in 
the month that the USA entered the war, and 
also produced the US Engineer Corps' Steam 
Tank, the Holt Three-Wheeled Steam Tank and 
the Pioneer Tractor Company's Skeleton Tank. 

The Steam Tank was an impractical effort to 
produce a massive machine, modelled con- 
ceptually on the Mk IV but turning the scales at 
112,000 Ib (50,803 kg) and measuring 34.75 ft 
(10.59 m) in length. Each track was driven by 
its own 250-hp (186-kW) two-cylinder steam 
engine. The main armament was a flame gun, 
and the kerosene-fuelled boilers of the power- 
plant were also designed to provide the steam 
pressurization for flame projection: the system 
proved ineffective, and a separate 35-hp 
(26.1-kW) petrol engine was provided for this 
task, allowing the projection of the flame to a 
range of 90 ft (27.4 m). As may well be imagin- 
ed, the Steam Tank was not successful. No 
more success attended the Three-Wheeled 
Steam Tank, which used a tricycle arrange- 
ment of two massive forward wheels and a tri- 
ple steering roller at the back: the front wheels 
were each powered by a 75-hp (55.9-kW) 


A dramatic climax to the 


1929 trials of a Fiat Tipo 


3000B Modello 30 with a 


37-mm L/40 turret gun. 
(IWM) 
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Right One of several 
ingenious but unsuccessful 
American tanks of the. 
First World War period 
was the Holt Three- 
Wheeled Steam Tank 
Each of the two front 
wheels had its own 75-hp 
(56-kW) steam engine, 
and the rear of the 
vehicle was supported by 
a triple-disc steering roller 
fitted with a trailing steel 
structure to improve 
trench-crossing capability. 
(RAC Tank Museum) 


A fascinating but 
ultimately futile attempt to 
produce a light tank with 
good trench-crossing 
ability was the so-called 
Skeleton Tank, seen here 
during its trials at the 
Aberdeen Proving Ground 
in Maryland, USA. (RAC 
Tank Museum) 
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im engine using kerosene-fuelled boilers. 
armament comprised one 75-mm (2.95-in) 
itzer in a nose mounting, and 0.5-in 
2.7-mm) Browning machine-guns in the hull 
s. The Skeleton Tank was intended to com- 
e the trench performance of larger (and 
us heavier) tanks with the logistic advan- 
ges of the light tank: the result is well summ- 
up by the type's development name, with. 
Me tracks running round а lozenge-shaped 
skeletal frame 25 ft (7.62 m) in overall length. 
nside this frame of iron pipes was a small box- 
tke fighting compartment accommodating the 
50-hp (37.3-kW) Beaver petrol engines, the 
ю crewmen and the high-set rotating turret 
ed with a single 0.3-in (7.62-mm) Browning 
machine-gun. The machine weighed 20,160 Ib 
8.145 kg), and attained a maximum speed of 
mph (8 km/h). Only single prototypes of all 
Tyree designs were built for trials in 1918. 

The only other armed tank designed in the 
USA during this period was the Ford 3-Ton 


Tank, evolved by the US Ordnance Depart- 
ment for manufacture by Ford as a machine- 
gun carrier or ammunition supply vehicle. Ех: 
tensive use was made of standard Ford car 
components, to facilitate production on a 
massive scale, and the result was a 6,950-Ib 
(8,153-kg) vehicle, reminiscent in general out- 
line to the Renault FT and powered by two 
20-hp (14.9-kW) Ford Model T petrol engines 
for a maximum speed of 8 mph (12.9 km/h) 
The armament of this two-man type comprised 
a single 0.3-in (7.62-mm) machine-gun in a bow 
mounting with 21° traverse, but of 15,015 
ordered in 1918, only 15 were ever completed 
and then for use mainly as tractors for the 
75-mm (2.95-in) artillery equipment. From the 
3-Ton Tank the Ordnance Department evolved 
the Ford Three-Man Tank Mk 1. This was 
powered by a single 60-hp (44.7-kW) Hudson 
petrol engine, allowing an increase in length 
from 13.67 to 16.5 ft (4.165 to 5.03 m), and in 
weight to 16,800 Ib (7,620 kg) with an arma- 


The Ford Three-Man Tank 
Mk 1 was developed from 
the two-man Ford 3-Ton 
tank with a tactically 
disastrous turret 
accommodating a 37-mm 
main gun. The type was. 
cancelled in 1919. (RAC 
Tank Museum) 
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ment of one bow-mounted 0.3-in (7.62-mm) 
machine-gun and one turret-mounted 37-mm 
gun. Trials showed the type to be generally un- 
satisfactory, and in 1919 development was 
halted. 

Popularly thought to have been the 'war to 
end all wars’, the conflict known at the time as 
the Great War had shown the value of the tank 
as a versatile weapon that could break the 
deadlock of trench warfare. Trench warfare 
was dominated by barbed wire, the machine- 
gun and artillery, but was essentially infantry 
warfare: the tank had thus been schemed at 
first as an infantry support weapon, as used at 
Flers-Courcelette in September 1916. This 
basic concept did not alter much in the rest of 
the war, but Cambrai in November 1917 show- 
ed what could be achieved by a mass of 300 
tanks (an advance in a single morning greater 
than that achieved by infantry alone in the 
four-month Third Battle of Ypres, culminating 
in the Battle of Passchendaele), while Amiens 
in-August 1918 intimated the course of future 
possibilities when a mixed force of more than 
600 medium and light tanks took the dominant 
part with infantry and air support to create a 
gap about 11 miles (17.7 km) wide and up to 8 
miles (12.9 km) deep in the German lines. 

Yet while the civilians were looking forward 
to a peaceful future, more sombre and indeed 
more sober military minds knew that war could 
not possibly be at an end. Tank advocates 
were already analysing the results of tank war- 
fare in the First World War and finding in their 
assessments the results that showed how the 


tank could be developed mechanically and 
evolved conceptually to become the decisive 
weapon of a new type of warfare. So at one 
end of the spectrum there were the tank pro- 
tagonists, who saw in the new weapon a 
machine that could dominate the battlefield 
and to which the other arms would be subor- 
dinate. At the other end there were the senior 
officers who had learned their soldiering in the 
established arms, and now occupied the high- 
est positions of command: these men gener- 
ally saw the tank as an upstart, and their posi- 
tion was ably put by General Sir Louis Jackson 
in his celebrated statement that ‘The tank- 
proper was a freak. The circumstances which 
called it into existence were exceptional and 
not likely to recur. If they do they can be dealt 
with by other means.’ With hindsight it is easy 
to see the fallacy of Jackson's argument, 
especially as it is arguable that greater atten- 
tion should have been devoted to the implica- 
tions of the American Civil War (1861-65) and 
the Russo-Japanese War (1904-05), and to the 
inevitable consequences of technological de- 
velopments resulting in accurate, quick-fire ar- 
tillery and the machine-gun. But it is more ap- 
propriate to look at Jackson's assertion from 
the viewpoint of the time: trench warfare had 
indeed been a divergence from the estab- 
lished norms of warfare, and it was therefore 
almost inevitable that professional soldiers 
should persuade (or with hindsight delude) 
themselves into the belief that the old order 
would return. 


A Troubled Adolescence 


The task faced by the world's new tank arms 
was first to survive, and then to secure eman- 
cipation from their positions subordinate to 
one of the armies' other arms. It was to be a 
difficult task, occupying the 1920s and most of 
the 1930s. To the politicians, the tank could 
embody the concept of ‘an engine of war’ and 
thus smacked too strongly of militarism; to the 
economists, the tank represented a high level 
ої development cost, followed by high produc- 
tion and operating costs; and to the profes- 
sional heads of the world's most important ar- 
mies, the tank was an inessential embarass- 
ment. Among the soldiers, the more far- 
Sighted were content to see the retention of 
the tank in small numbers as an adjunct of the 
infantry (medium tank) and of the cavalry (light 
tank), while, as noted above, the majority wish- 
ed to return to the pre-1914 pattern in which 
they had trained and gained most of their ex- 
perience of practical soldiering. As a young 
arm, the tank service in most countries had at- 
tracted relatively junior officers with an in- 
terest in the mechanization that was becom- 
ing important in the period up to the First World 
War but without 'entrenched' attitudes to 
military operations: these men were able and 
eloquent, but had generally risen only into the 
lower levels of field rank, and were therefore 
able to achieve little but keep up a constant but 
carefully-controlled stream of propaganda to 
keep their arm alive, pending the day it could 
prove itself. 

In the type of perverse reversal for which 
they are famous, the British squandered the 
technical and tactical lead they had estab- 
lished in the First World War, by a programme 
of parsimony so extreme that it could well 
have led to extinction. Yet the British tank arm 
was saved by the twin efforts of men working 
solely within the professional confines of the 
army (middle-ranking officers such as P. 
Hobart, G.Q. Martel and Ernest Swinton) and a 


smaller number of men such as Colonel J.F.C. 
Fuller and Captain B.H. Liddell Hart, working 
mainly on the outside of the army framework 
to develop and bring wider attention to their 
theories of armoured warfare. 

Within the army, the middle-ranking ad- 
vocates of armoured warfare worked to con- 
vince their largely sceptical superiors that the 
era of fully-mechanized warfare was the tank: 
the army protagonists urged as strongly as 
they could the concept of the tank as embody- 
ing the primary virtues of firepower, protection 
and mobility in a package of unrivalled ver- 
Satility; and at the same time they urged that 
the army open its mind to the possibility of 
merging the new weapon with a new set of tac- 
tical doctrines, whose absence would negate 
all the advantages of a tank force. 

This tied in neatly with the role played by 
Fuller and Liddell Hart, who were concerned 
not just with the practicalities of armoured 
warfare with the weapons to hand and under 
development, but with the ‘ideal’ of armoured 
warfare and therefore the course in which the 
long-term development of tanks should be 
directed. At the core of the thinking of both 
Fuller and Liddell Hart was the concept that 
the tank was a new weapon, perhaps presag- 
ed іп other weapons, but in its post-First World 
War form, a weapon different from those of the 
infantry, cavalry and artillery, and as such re- 
quiring the formulation of a new set of tactical 
precepts. 

Fuller was the tactical thinker par ex- 
cellence, and his ideas stemmed directly from 
the British experience at Cambrai and Amiens: 
if it made full use of its mobility, the tank was 
unstoppable, possessing the ability to strike at 
will against different points in the enemy's line; 
this would force the enemy on to the defen- 
sive, and dilute his strength to the point that he 
would find it impossible to counter the tank at- 
tack and consequent breakthrough at the of- 
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fensive's chosen point; the threat thus posed 
to the enemy's lines of communication would 
in turn force the enemy to retreat, the ac- 
cumulation of such retreats leading inevitably 
to the enemy's defeat. Fuller was the great ad- 
vocate of the 'alltank' school of thinking, 
which averred that the evolution of the tank 
had rendered obsolete all other combat arms: 
cavalry had been rendered manifestly ob- 
solete by the advent of mechanization, infantry 
was required merely to garrison that which the 
tanks captured, and artillery should be replac- 
ed by special versions of tanks fitted with 
large-calibre ordnances (self-propelled ar- 
tillery) yet able to match the tank force for 
speed and mobility. In this latter concept Fuller 
went too far, and in the process so threatened 
(or appeared to threaten) the established arms 
that they banded together to stem the further 
acceptance of Fuller's notions. In the long run, 
therefore, Fuller had a partially counterpro- 
ductive effect on the development of the 
British tank arm when he moved out of the pro- 
vince of tactics into the more difficult intellec- 
tual and moral terrain of operational doctrine. 

Working from the same basis of operational 
experience as Fuller, Liddell Hart moved more 
easily from the field of tactics to the terrain of 
operations and strategy based on exploitation 
ofthe tank's speed (mobility) combined with its 
shock effect (firepower and protection). The 
key to Liddell Hart's concept was tactical and 
operational surprise: thus the initial offensive 
could be a hammer blow by massed armour in- 
to and through the enemy's front line, followed 
by an unrelenting exploitation in which the key 
was outright speed to keep the enemy off 
balance. Tanks must therefore be organized to 
push straight through opposition or, if the latter 
was too strong, bypass and isolate it for 
elimination by the follow-up forces. By main- 
taining its impetus, Liddell Hart showed, the 
tank force could punch through to the enemy's 
rear areas on a narrow front and then fan out 
in an ‘expanding torrent’ that would prevent 
the enemy's reserves from moving up in 
effective support, and then by destroying, 
capturing or incapacitating his command 
and logistic centres, crush the enemy's 
capability to sustain the defence. It is worth 
noting here that Liddell Hart saw the full 


potential of the aeroplane for a battlefield 
role: Fuller had rightly realized the value of 
the aeroplane for reconnaissance and com- 
munication, but Liddell Hart had gone far- 
ther, to recognize the fact that the aeroplane 
was the ideal substitute for artillery in his 
'expanding torrent', possessing yet greater 
mobility than the tanks they were to support 
and having the three-dimensional agility to 
negate the effect of the enemy's anti-aircraft 
artillery, while delivering attacks of pinpoint 
accuracy. 

Liddell Hart's concept was remarkably far- 
sighted, but was little accepted in his own 
country as anything but an idealized picture of 
future warfare. This was a failing with im- 
mense consequences. 

The overall failure of the army advocates, 
Fuller and Liddell Hart, should not be con- 
strued, however, as failing in smaller objec- 
tives. The most important successes gained 
by the tank advocates were in the develop- 
ment of new vehicles possessing far greater 
mobility than their predecessors in terms of 
agility, speed and range. The development 
programme was severely limited by lack of 
funds, but evolved via two main streams, 
namely the one- or two-man tankettes from the 
Morris-Martel and Crossley-Martel stables, 
and the two- or three-man light tanks from the 
Carden-Loyd and Vickers stables. 

The tankette concept can most readily be 
traced back to 1915, when Colonel J.E. Es- 
tienne proposed that conventional infantry 
could be replaced by large numbers of 
skirmishers mounted in small cross-country 
vehicles carrying sufficient armour to defeat 
small arms fire. This concept finally resulted in 
the development of the excellent Renault FT, 
to which the British had no equivalent. After 
the First World War, however, Fuller became 
an enthusiastic proponent of the idea of a skir- 
mishing and reconnaissance tank. Fuller soon 
secured a significant following within the Tank 
Corps (from 1923, the Royal Tank Corps), in- 
cluding Major Gifford Martel. Because of lack 
of official interest or funds, Martel undertook 
the design and construction of a prototype at 
his own expense during 1925, using commer- 
cial components from a number of sources, 
tracks provided by the Roadless Traction 
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Company, and a wooden body. Trials of the 
Martel One-Man Tankette were modestly suc- 
cessful, and persuaded the army to order four 
pre-production versions from Morris Commer- 
cial Motors. Three of these were Morris-Martel 
One-Man Tankettes, and the fourth the sole 
Morris-Martel Two-Man Tankette. Like the 
Martel original, these used commercial com- 
ponents including the 16-hp (11.9-kW) Morris 
car engine to drive the short tracks in front of 
the twin steering wheels at the rear; the max- 


imum speed was 20 mph (32 km/h). At 9.1 ft 
(2.77 m), the one-man version was the same 
length as the Martel prototype, but was fitted 
with light armour and a single machine-gun for 
a weight of 4,925 Ib (2,234 kg), rather than 
4,500 Ib (2,041 kg). Another one-man machine 
was developed by Crossley as the Crossley- 
Martel One-Man Tankette, but both one-man 
designs proved impractical: the operator 
could not drive and operate the machine-gun 
effectively, so greater emphasis was placed 


The Creseloy-Martel One. 
Man Tankería Is іп сото 
TGopcoto typical of thc 
cost-cutting expedients 
tried during tho 19205 to 
provide some охрогіспоо 
towards armoured 
warfare, but was also 
unusual in being a hybrid 
type featuring front 
ateoring wheels and a 
rear track unit of the 
Citroen-Kegresse type 
with rubber tracks. (RAC 
Tank Museum) 


The definitive Carden- 
Loyd One-Man Tankette 
was the Mk VI that 
appeared in 1928 and 
exerted a considerable 
influence on tankette 
design in most parts of 
the world. The variant has 
a mortar in place of the 
standard 0.303-in 
(7.7-mm) Vickers 
machine-gun. (RAC Tank 
Museum) 


55 


ENCYCLOPAEDIA OF THE TANK 


56 


on the more versatile two-man version, of 
which eight examples were ordered in 1927 as 
Scouting machines with the Experimental 
Mechanized Force then being created to 
evaluate the tactical and conceptual notions. 
of British tank enthusiasts. 

The Morris and Crossley variants of the 
Martel theme paved the way, but were in 
themselves unsuitable for anything but the 
most limited experimental and development 
work. Greater success attended the efforts of 
Carden-Loyd Tractors Ltd, who in 1925 pro- 
duced the Carden-Loyd One-Man Tankette 
prototype and then capitalized on the interest 
in the Martel prototypes to approach the War 
Office. A single official prototype followed, this 
having a box body that left the operator's 
shoulders and head exposed, but offered per- 
formance advantages over the Martel types in 
having longer tracks without separate steering 
wheels, plus, on each side, 14 coil-sprung road 
wheels instead of the Morris's two and 
Crossley's four road wheels. The prototype 
was followed by Carden-Loyd Mk I, Mk I*, Mk II 
and Mk Ill versions with a number of 
developments and refinements, but these 
Single-man machines suffered the same tac- 
tical limitations as the Morris and Crossley 


Carden-Loyd Tankette Mk VI 
(UK) 


Type: tankette 

Crew: 2 

Combat weight: 3,360 Ib (1,524 kg) 

Dimensions: length overall 8.08 ft (2.46 m); width 
5.75 ft (1.75 m); height 4.00 ft (1.22 m) 
Armament system: one 0.303in (7.7-mm) 
Vickers machine-gun 

Armour. between 5 and 9 mm (0.2 and 0.35 in) 
Powerplant: one 40-hp (29.8-kW) Ford Model T 
petrol engine 

Performance: speed, road 25 mph (40.2 km/h); 
range, road 90 miles (145 km); vertical obstacle 
1.88 ft (0.41 m); trench 4.0 ft (1.22 m) 


Carden- Loyd Mark VI 


one-man tankettes. 

In 1926 the company had produced the 
Carden-Loyd Two-Man Tankette prototype, 
with a wider and lower hull to accommodate 
the second man. The revised hull added to tac- 
tical capabilities and also improved the stabili- 
ty of the basic design. Development then pro- 
duced the Carden-Loyd Mk IV, with a number 
of mechanical improvements and provision for 
a single 0.5-in (12.7-mm) Vickers machine- 
gun. Next in numerical sequence appeared 
the Carden-Loyd Mk V, a tricycle wheel/track 
machine, of which eight were ordered to sup- 
port the eight Morris-Martel Two-Man Tanket- 
tes, so next in the main stream of the com- 
pany's tankette developments was the 
Carden-Loyd Mk VI, built by Vickers- 
Armstrongs Ltd after its purchase of Carden- 
Loyd in 1928. The Mk VI was designed as a 
machine-gun carrier for one 0.303- or 0.5-in 
(7.7- or 12.7-mm) Vickers machine-gun, which 
could be fired from the vehicle, or dismounted 
for installation on the tripod that was accom- 
modated on the carrier. Just under 400 Mk Vis 
were built for the British army and for export, 
but with this variant, tankette design veered 
away from the mainstream of tank develop- 
ment towards the ‘weapon platform’ concept 
that led to the British Bren and Universal Car- 
riers of the 1930s and the Second World War. 
The Mk VI was in its way an important and 
highly influential machine, serving to confirm 
the practicality of tracked vehicles for cross- 
country mobility, and inspiring comparable 
developments in Czechoslovakia (the MU4), 
France (the UE), Italy (the CV33 and CV35), 
Poland (the TK3) and the USSR (the T27). 

The development of the Carden-Loyd Mk VI 
was the first result of the Royal Tank Corps’ 
1927 decision that, while the turretless 
tankette might have an application as a 
weapons-carrier for the infantry, the exigen- 
cies of armoured warfare called for turreted 
armament, so that at all times the crew was 
protected. The Royal Tank Corps therefore 
replaced the tankette with the light tank as the 
reconnaissance element of its tactical think- 
ing. The first of the breed had been the 1925 
Royal Ordance Factory Light Tank A3E1, an 
experimental machine designed to test the 
feasibility of using a commercial engine and 
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cast steel track shoes to reduce manufactur- 
ing costs, and carrying fore and aft machine- 
gun turrets. 

The first practical light tank design was the 
Carden-Loyd Mk VII, a two-man vehicle that 
appeared in 1929 for evaluation as the A4E1 
Though evolved from the earlier Carden-Loyd 
vehicles, the Mk VII provided striking proof of 
the pace of armoured vehicle development in 
the later 1920s, for it was a machine markedly 
Superior to its predecessors in all respects. 
The armament was still a single 0.303-in 
(7.7-mm) Vickers machine-gun, but this was 
located in an exceptionally trim turret with 
bevelled edges on its top to reduce its 
Silhouette. More notable, perhaps, was the in- 
crease in performance generated by the new 
running gear and more powerful engine. The 
former comprised four large road wheels in 
leafsprung pairs connected by an external 
girder, and the latter a 59-hp (44-KW) Meadows 
petrol engine: the result was a maximum 
speed of 35 mph (56 km/h) for this 5,600-Ib 
(2,540-kg) vehicle. Trials confirmed the overall 
suitability of the A4E1, which was developed 
for small-scale production as the Carden- 
Loyd/Vickers Light Tank Mk VIII and accepted 
as the British army's first light tank in 1930, 
under the designation Light Tank Mk I. The run- 
ning gear was revised and the engine was a 
58-hp (43-kW) Meadows EPT petrol unit provid- 
ing a maximum speed of 30 mph (48.3 km/h) in 
a vehicle that weighed 10,750 Ib (4,876 kg) 


and possessed armour varying in thickness 
from 4 to 14mm (0.16 to 0.55 in). The Light 
Tank Mk | was then developed in variants 
designated between A4E2 and А4Е5 for use in 
running trials and experiments, paving the way 
for the Light Tank Mk IA. This first appeared in 
October 1930, and was generally similar to the 
Mk |, apart from its better-sloped armour. 
Again the type was produced in various forms 
with designations varying from A4E6 to A4E10 
to evaluate features such as Horstmann coil- 
Spring suspension, laminated-spring suspen- 
Sion with shorter tracks and no idler wheels, 
different armament fits (including a tall turret 
with two machine-guns in superimposed 
mountings) and a different engine. 

Further development of the Mk IA produced 
the Light Tank Mk II, of which 16 were built in 
1931. The type had the hull of the Mk IA, 
Horstmann suspension and a 66-hp (49.2-kW) 
Rolls-Royce petrol engine for a maximum 
speed of 30 mph (48.3 km/h) at a weight of 
9,500 Ib (4,309 kg). The type was produced in 
A4E13 to A4E15 variants, and important trials 
were undertaken into the amphibious employ- 
ment of such vehicles. Mechanical and tac- 
tical development was rampant during the ear- 
ly 1930s as the British army came fully to grips 
with the concept of total mechanization, and 
the Mk II was rapidly joined by the Light Tank 
Mk IIA (29 A4E16 and A4E18 vehicles built by 
the Royal Ordance Factory, Woolwich) and the 
Light Tank Mk IIB (21 A4E17 vehicles built by 


Tne A3E1 was developed 
in 1095 by the Royal 
Ordnance Factory аа п 
three-man light tank ot 
low cost through uso of a 
bus engine and cheap 
Cast steel tracks, but was 
unsuccessful. The type 
had front and rear 
machine-gun turrets. each 
carrying a single 0.303.in 
(7.7-mm) Vickers weapon. 
The type was later 
redesignated Carrier, 
Macnine-Gun NO.1. (RAC 
Tank Museum) 
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For a number of reasons 
(including the cost factor) 
many countries adhered 

to the light tank concept 
long after it had become 
obsolete. Typical were 

the British, whose Light 
Tank Mk V was 
introduced in 1935. 
Amongst the type's useful 
features, however, was 
the first two-man turret 
fitted on a light tank. (RAC 
Tank Museum) 


Vickers-Armstrongs Ltd). The two variants 
were essentially similar, and were in essence 
an upgraded Mk | with the Horstmann suspen- 
sion of the Mk II, though with two rather than 
three track-return rollers. There was also a 
Light Tank Mk IIB (India Pattern) with the 
Meadows EPT engine and a non-rotating 
cupola atop the turret. 

In. production terms, the family evolved 
directly from the Carden-Loyd Mk VII ended 
with the Light Tank Mk III and Light Tank Mk IV. 
The Mk III entered service in 1933 as a Mk II 
with its superstructure lengthened to the rear. 
The ultimate developments from this were the 
Light Tank Vickers Experimental Model 1933 
India Pattern No. 1 (A4E19) and No. 2 (A4E20), 
with features such as a shorter and wider hull, 
lighter armour and a 90-hp (67.1-kW) Meadows 
EST engine to reduce weight, facilitate produc- 
tion and increase speed. The Mk IV series was 
produced in 1934 on the basis of the two 
model 1933 experimental variants. In the Mk 
IV the hull was made of armour varying in 
thickness from 5 to 12 mm (0.2 to 0.47 in) and, 
for the first time in British practice, used as a 
monocoque chassis, with components attach- 
ed directly to it. An important feature adopted 
from the Model 1933 variants was the omis- 
sion of the rear idler wheels: this track layout, 
combined with Horstmann suspension and an 
88-hp (65.6-kW) Meadows ESTE engine provid- 
ed the 10,300-Ib (4,672-kg) Mk IV with a max- 


imum speed of 36 mph (57.9 km/h). 

By this time the Royal Tank Corps had 
amassed a considerable volume of ex- 
perimental and operational data with its first 
series of light tanks. On the whole it was 
satisfied that the light tank has a valuable role 
to play, though operational experience was 
limited to parts of the world where there was 
no effective opposition. It was clear, though, 
that while the monocoque hull, powerplant and 
running gear of the Mk IV still had value, the 
vehicle was limited in operational capacity by 
its one-man turret and its single machine-gun. 
An important step was thus taken with the 
1935 adoption of the Light Tank Mk V. This was 
another Vickers-Armstrongs product, and was 
in practical terms the hull of the Mk IV with an. 
enlarged fighting compartment surmounted 
by a new two-man turret. This was the first 
such unit fitted on a light tank, and for ease of 
traverse it was mounted on a ball race: the ar- 
mament comprised two Vickers machine- 
guns, one of 0.303-in (7.7-mm) and the other of 
0.5-in (12.7-mm) calibre, and the turret was 
surmounted by a commander's cupola. The 
Mk IV had been criticized for being nose 
heavy, and in the Mk V the weight was 
redistributed to remove the problem. Power 
was provided by a Meadows ESTL engine, 
whose 88 hp (65.6 kW) provided the 9,300-Ib 
(4,218-kg) Mk V with a maximum speed of 
32 mph (51.5 km/h). 
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in 1936 the Light Tank Mk VI entered ser- 
vice, and with it the stream of development by 
Wickers-Armstrongs on the basis of the 
Carden-Loyd Mk VII came to an end. The Mk VI 
wes modelled closely on the Mk V, with the tur- 
yet increased in length rearwards to allow the 
installation of a radio set. The hull was also 
dengthened, and with an 88-hp (65.6-kW) 
Meadows ESTL engine this 10,750 1b 
£&876-kg) tank had a maximum speed of 
85 mph (56.3 km/h). The type was mechan- 
‘ally reliable and cheap to produce, a com- 
&ination that prompted large-scale orders: in- 
Ec during the first month of the Second 
‘Word War in September 1939 the British army 

= about 1,000 examples of the Mk VI 
. Given the army's lack of recent combat 
erience against a high-quality enemy, 
modest little vehicles were extensively 
d in Europe, the Middle East and North 
ca, suffering heavy losses because of their 

offensive and defensive capabilities. 

As procurement of the Mk VI proceeded, im- 
movements were incorporated as and when 
„ to produce a number of variants. 
started with the Light Tank Mk VIA with 
e powerful engine, a revised comman- 
s cupola, and modified suspension with 
single track-return roller attached to the 
rather than to the forward bogie unit. Then 
the Light Tank Mk VIB, which was the 
st extensively used British light tank of the 
cond World War: this reverted to the cir- 

commander's cupola from the octagonal 

f the Mk VIA or, in its Light Tank Mk VIB 

a Pattern) subvariant, had no cupola. The 
“ultimate model was the Light Tank Mk VIC, 
th wider tracks and suspension units, roof 

es in place of the commander's cupola, 

‘armament comprising two Besa machine- 
5, one of 15-mm (0.59-in) and the other of 
(0.312-in) calibre. 

The final pair of British three-man light tanks 
‘were both Vickers-Armstrongs designs, the 
‘Light Tank Mk VII Tetrarch of 1938, and its suc- 

the Light Tank Mk VIII Harry Hopkins of 
1941. The two types were built only in small 
mumbers, and were similar in concept, being 
Based on four independently-sprung road 
‘Wheels of which the rear units served as drive 
Sprockets and the front units as idlers; the 


Light Tank Mark VIB 


Light Tank Mk VIB 
(UK) 


Typo: light tank 
Crew. 3 

Combat weight: 11,648 Ib (5283 kg) 
Dimensions: length overall 13.17 ft (4.01 m); 
width 6.83 ft (2.08 т); height 7.42 ft (2.26 m) 
Armament system: one 0.5-in (12.7-mm) Vickers 
machine-gun with 400 rounds, one 0.303-in 
(7.7-mm) Vickers machine-gun with 2,500 rounds 
and one 4-in (102-mm) smoke-discharger 
Armour: between 4 and 15 mm (0.16 and 0.59 in) 
Powerplant: one 88-hp (65.6-kW) Meadows petrol 
engine 

Performance: speed, road 35 mph (56.3 km/h); 
range, road 125 miles (201 km); gradient 60% ; 
vertical obstacle 20 ft (0.61 m); trench 5.0 ft 


(1.52 m) 


steering was unusual, sharp turns being ef- 
fected by the standard skid occasioned by 
braking of the inside track, but gentle turns be- 
ing provided by pivoting of the road wheels to 
curve the tracks. The Mk VII was armed with a 
2-pdr (40-mm) main gun plus a coaxial 
7.92-mm (0.312-in) Besa machine-gun in a trim 
turret. The armour thickness ranged from 4 to 
16 mm (0.16 to 0.63 in) for a vehicle weight of 
16,800 Ib (7,620 kg), and the 165-hp (123-kW) 
Meadows petrol engine provided a maximum 
speed of 37 mph (59.5 km/h). The Mk VII had 
little practical application in the Second World 
War, its only real use being the provision of ar- 
moured support for airborne forces, after ar- 
rival in the specially-designed General Aircraft 
Hamilcar glider. The type was also used in 
small numbers as the Tetrarch Infantry Close 
Support (ICS) with a 3-in (76.2-mm) howitzer 
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Light Tank Mk VII Tetrarch 


Light Tank Mk VIII 
Harry Hopkins 


A17 Light Tank Mk VII Tetrarch Mk I 
(UK) 


Type: light tank 

Crew: 3 

Combat weight: 16,800 Ib (7,620 kg) 
Dimensions: length, gun forward 14.125ft 
(4.31 m) and hull 13.50 ft (4.11 m); width 7.58 ft 
(2.31 m); height 6.92 ft (2.10 m) 

Armament system: one 2-pdr (40-mm) gun with 
50 rounds, one 7.92-mm (0.312-in) Besa 
machine-gun with 2,025 rounds and two 4-in 
(102-mm) smoke-dischargers 

Armour: between 4 and 16 mm (0.16 and 0.63 in) 
Powerplant: one 165-hp (123-kW) Meadows MAT 
petrol engine with 45 Imp. gal. (205 litres) of fuel 
Performance: speed, road 40 mph (64.4 km/h); 
range, road 140 miles (224 km); fording 3.0 ft 
(0.91 m) without preparation; gradient 60% ; ver- 
tical obstacle 1.67ft (0.51 т); trench 5.0ft 
(1.52 m) 


Light Tank Mk VIII Harry Hopkins 
(UK) 


Type: light tank 

Crew: 3 

Combat weight: 19,040 Ib (8,637 kg) 
Dimensions: length overall 14.25 ft (4.35m); 
width 8.875 ft (2.705 m); height 6.917 ft (2.108 m) 
Armament system: one 2-pdr (40-mm gun) and 
one 7.92-mm (0.312-in) Besa machine-gun 
Armour: between 6.4 and 38.1 mm (0.25 and 
1.5 in) 

Powerplant: one 149-hp (111-kW) Meadows 
petrol engine 

Performance: speed, road 30 mph (48.3 km/h); 
range, road 125 miles (201 km) 


rather than 2-pdr (40-mm) turret gun. 

The Mk VIII was intended to overcome the 
Mk VII's vulnerability, by the adoption of ar- 
mour that was both thicker and of superior 
ballistic shape: the maximum thickness was: 
38 mm (1.5 in), but the result was an increase 
in weight to 19,050 Ib (8,641 kg) and decrease 
in speed to 30 mph (48.3 km/h) on the 149-hp: 
(111-kW) Meadows engine. Mk VIII production 
amounted to 100 machines, but fortunately for 
their crews these were never issued for. 
service. 

Such, then, was the mainstream of British 
light tank development in the period between) 
the two world wars. It is worth noting though, 
that in addition to its Carden-Loyd derivatives 
for the British army, Vickers-Armstrongs also 
developed and produced two private-ventur 
series of light tanks that enjoyed considerable 
export success. The first of these was the Six- 
ton Tank Mk E, powered by an 87-hp (64.8-К\ 
Armstrong-Siddeley engine: the Mk E was built 
in two basic forms: as the Type A with two sii 
by-side turrets each fitted with a single Vickers: 
machine-gun (generally two 0.303-in/7.7-mm 
weapons but sometimes one 0.303-in/7.7-mm: 
and one 0.5-in/12.7-mm weapon), armour to & 
13-mm (0.51-in basis and a weight 
16,125 10 (7,314 kg); and as the Type B, with a 
two-man turret accommodating one 3-pdr 
(47-mm) gun and a coaxial machine-gun, ar- 
mour to a 17-mm (0.67-in) basis and a weight 
of 16,575 Ib (7,518 kg). Examples of this seri 
were sold to Bolivia, Bulgaria, China, Estonia, 
Finland, Greece, Japan, Poland, Portugal. 
Romania, Siam and the USSR, and overseas. 
development and construction resulted in the 
Polish 7TP, the Soviet T-26 and the US ТЇ 
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| Vickers Six-Ton Tank Mk E Type A 


Vickers Six-Ton Tank Mk E Type A 
(UK) 


Type: medium tank 

Crew: 3 

Combat weight: 15,680 Ib (7,112 kg) 
Dimensions: length overall 15.00 ft (4.57 m); 
width 7.917 ft (2.41 m); height 6.83 ft (2.08 m) 
Armament system: two Vickers 0.303-in (7.7-mm) 
machine-guns, or one Vickers 0.5-in (12.7-mm) 
and one Vickers 0.303-in (7.7-mm) machine-gun 
Armour: between 5 and 14 mm (0.2 and 0.55 in) 
Powerplant: one 80-hp (59.6-kW) Armstrong Sid- 
deley petrol engine 

Performance: speed, road 22 mph (35.4 km/h) 


series. 

The second series was similar to the Light 
Tank Mk IV, though fitted with a bewildering ar- 
ray of armaments. Examples of the Light Tank 
Model 1933 were sold to Finland, Lithuania 
and Latvia; of the Model 1934 to Argentina, 
Belgium and Switzerland; and of the Model 
1936 to China, the Dutch East Indies and the 
Netherlands. 


Further up the weight scale was the 


medium tank, for which the light tank provided 
reconnaissance and support: thus, while the 
light tank was the inheritor of the First World 
War medium tank's mantle, the medium tank 
succeeded the (battle) tank of that war. Initial 
British efforts in the period after the First 
World War were the Medium Tank Mk D, conti- 
nuing the effort already well under way in the 
war, and the Light Infantry Tank. The latter was 
again the work of Colonel P. Johnson of the 
government's Tank Design Department, and 
similar to the Mk D, though smaller and lighter: 
its role was machine-gun support of infantry 


assaults, but work was ended in 1923 when 
the Tank Design Department was closed down 
as part of the government's financial retrench- 
ment programme. 

By this time, Vickerc-Armetronge nad boon 
invited to join the medium tank development 
programme, and its first design in this impor- 
tant field was the five-man Vickers Tank, pro- 
duced in Nos 1 and 2 variants during 1921 and 
1922. The overall configuration was akin to 
that of the Medium Tank Mk B, but the Vickers 
Tank sported a roof-mounted turret of domed 
Shape, surmounted by a commander's cupola. 
The Vickers Tank was thus the first British ar- 
moured fighting vehicle with its main arma- 
ment in a 360? traverse turret: in the No. 1, the 
turret accommodated three 0.303-in (7.7-mm) 
Hotchkiss machine-guns in ball mountings, in- 
cluding one for anti-aircraft fire. Based on 
0.5-in (12.7-mm) armour and weighing 
19,600 Ib (8,891 kg), the Vickers Tank was 


7 TP jw (7 TP Improved) 
(Poland) 


Type: light tank 

Crew: 3 

Combat weight: 11,000 kg (24,250 Ib) 
Dimensions: length overall 15.08 m (15.08 ft); 
width 2.413 m (7.92 ft); height 2.159 m (7.08 ft) 
Armament system: one 37-mm gun and one 
7.92-mm (0.312-in) machine-gun 

Armour: 40 mm (1.575 in) maximum 

Powerplant: one 82-KW (110-hp) Saurer diesel 
Performance: speed, road 32 km/h (19.9 mph); 
range, road 160 km (100 miles); gradient 60% ; 
vertical obstacle 0.6 m (1.97 ft); trench 1.825 m 
(6.0 ft) 
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The Vickers Six-Ton Tank 
was a considerable export 
Success in the 1930s, this 
being a Chinese Mk 'F' 
similar to the single-turret 
Six-Ton Tank Type B but 
fitted with radio in a 
bulged turret rear. (RAC 
Tank Museum) 
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Powered by an 86-hp (64.1-kW) engine and 
proved mechanically unreliable. 

Experience with the Vickers Tank was im- 
portant for the company, however, and its next 
design was a winner, and one of the most 
Notable steps in the evolution of tank design: 
the new vehicle was the world’s first fast tank, 
allowing the type's use in the manoeuvres that 
validated the tactical and operational con- 
cepts originating from Fuller and Liddell Hart. 
The body was located above the tracks so that 
adequate armament could be located in a 
revolving turret without loss of fields of fire, 
and reduction of length and weight thus 
achieved allowed higher performance on the 
same power as earlier tanks. Designed in 
1922 as the first British tank of genuinely post- 
war concept, the five-man Light Tank Mk | was 
redesignated the Vickers Medium Tank Mk | 
after the army's decision to buy the Carden- 
Loyd/Vickers Mk VIII (the Light Tank Mk I). The 
Medium Tank Mk | entered production in 1923 
and service in 1924, and in its various forms 
was built to a total of about 160 machines that 
formed the mainstay of the Royal Tank Corps 
in the later 1920s and early 1930s, and remain- 
edin service until the period just before the Se- 
cond World War. The Mk | was the first British 
service tank to have a 360° traverse turret and 
geared elevation for the main armament, and 


is also notable for the high speed made possi- 
ble by the sprung suspension and the 90-hg 
(67.1-kW) Armstrong Siddeley petrol engine- 
Officially 16 mph (25.75 km/h), this speed was 
in reality just under 30 mph (48.3 km/h). The 
armour was to a 6.5-mm (0.26-in) basis, mainly 
of riveted plate, resulting in a box-like hull in 
which the driver was located at the front of the 
vehicle, next to the engine. The other four 
crew members were located in the fighting 
compartment and turret to deal with com- 
mand, operation of the radio, and the handling 
of the armament. This had both advanced and 
obsolescent features: on the advanced side 
was the powerful 3-pdr (47-mm) Mk 1 L/31.4 
main gun, а 217-lb (98.4-kg) weapon firing а 
3-b (1.36-kg) shot with a muzzle velocity of 
1,750 ft (533 m) per second to pierce 25 mm 
(1 in) of armour angled at 30? at a range of 500: 
yards (457 m); and on the obsolescent side 
was the secondary armament, comprising 
four 0.303-in (7.7-mm) Hotchkiss guns in the 
turret plus a pair of 0.303-in (7.7-mm) Vickers 
guns in the hull sides. 

Given the type's longevity of service, it is 
not surprising that the basic machine was de- 
veloped into variants with a number of mech- 
anical and operational improvements. First of 
these, appearing in 1924, was the Medium 
Tank Mk IA with slightly thicker armour, in- 
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easing weight to 26,655 Ib (12,091 kg), anda 
еб secondary armament arrangement, 
including an anti-aircraft mounting on a newly 
Bevelled turret rear. The Medium Tank Mk IA* 
wes basically similar to the Mk IA, but fitted 
men a 0.303in (7.7-mm) Vickers coaxial 
machine-gun апа a commander's cupola on 
Ше turret. The Medium Tank Mk | ICS was the 
mantry close support version, the standard 
Sod: (47-mm) ordance of the gun tank being 
geplaced by a 3-in (76-mm) Mk 1 L/25 howitzer, 
= 256b (116.1-kg) weapon firing its 13.75-Ib 
624g) projectile to a range of 2,000 yards 
11.830 m). There were also two experimental 
nts, in the forms of the Medium Tank Mk | 
Picardo C.I) and the Medium Tank Mk | Wheel- 
end-Track: the former was powered by a 90-hp 
f&7.1-XW) Ricardo diesel engine, and the latter 
fed nose- and tail-mounted wheels. These 
were twin-wheel units power-lowered (via a 
gearbox take-off) in about one minute, the ob- 
кс! being to reduce track wear by removing 
=n from road contact whenever possible. 

n 1925 Vickers-Armstrongs introduced the 
Improved Medium Tank МК II with armour on 
zn 8.25-mm (0.325-in) basis for improved pro- 
decton, at the penalty of a weight increase to 
29575 ib (13,415 kg), the longer 3-pdr (47-mm) 
Мк 2 L/40.05 gun with an additional 100 ft 
$3855 m) per second of muzzle velocity for 


Medium Tank Mk I 
(UK) 


Type: medium tank 

Crew: 5 

Combat weight: 26,208 Ib (11.888 kg) 
Dimensions: length overall 17.50 ft (5.33 т); 
width 9.125 ft (2.78 m); height 9.25 ft (2.82 m) 
Armament system: one 3-pdr (47-mm) gun, four 
0.303-in (7.7-mm) Hotchkiss machine-guns and 
two 0.303-in (7.7-mm) Vickers machine-guns 
Armour. 6.25 mm (0.25 in) 

Powerplant: one 90-hp (67.1-kW) Armstrong Sid- 
deley petrol engine with 72 Imp. gal. (327 litres) of 
fuel 

Performance: speed, road 15 mph (24.1 km/h); 
range, road 120 miles (193 km); fording 2.3 ft 
(0.7 m); trench 6.5 ft (2.0 m) 


A Vickers design, the 
Light Tank Mk | was then 
redesignated Medium 
Tank Mk 1, and amongst 
its advanced features 
were fully sprung 
suspension for higher 
speeds, a turret capable 
of 360° traverse, and a 
main gun with geared 
elevation. These are Mk | 
and Mk ІА tanks, the 
latter differing only in 
detail from the former. 
(RAC Tank Museum) 


Vickers Medium Tank Mk I 


ENCYCLOPAEDIA OF THE TANK 


The most important 
British tank of the later 
1920s and early 1930s 
was the Vickers-designed 
Medium Tank Mk II. This 
is a Mk II**, the 
designation applying to 44 
Mk lis converted in 1934 
with a commander's 
cupola, radio in a rear 
bulge of the turret, and a 
twin mountings for the 
turret's 3-pdr (47-mm) gun 
and Vickers machine-gun 
(RAC Tank Museum) 


slightly more armour penetration, the driver 
located farther forward for better fields of vi- 
sion, and the suspension protected by skirt 
armour. 

Variations of this basic theme were the 
Medium Tank Mk 11* with a Vickers coaxial 
machine-gun and no turret-mounted Hot- 
chkiss machine-guns; the 1932 Medium Tank 
Mk 11** produced by converting Mk 115 to a 
standard approximating to that of the Mk 11* 
but with the addition of an armoured radio in- 
Stallation and a commander's cupola; the 
1930 Medium Tank Mk IIA with a number of 
detail improvements and revised tracks; the 
Medium Tank Mk IIA* basically similar to the 
Mk IIA but with radio in an armoured installa- 
tion; the Medium Tank Mk IIA Close Support 
based on the Mk IIA but with a 3-in (76.2-mm) 
howitzer in place of the gun tank's 3-pdr 
(47-mm) quick firing gun; and the 1931 
Medium Tank Mk Il Command with a fixed tur- 
ret (complete with dummy gun barrel) carrying 
additional radio equipment. There were also 
tropical and bridge carrier versions, and for 
the USSR a small number of ‘English 
Workman’ tanks were built to a standard 
similar to that of the Mk IIA. 

As the Medium Tank Mk II was entering ser- 
vice, Vickers-Armstrongs was involved during 
1925 in the design of the Vickers Independent 


Tank, which pioneered a number of advanced 
features and had a profound effect on tank 
design outside the UK. This tank inaugurated 
the new British system of tank nomenclature, 
being officially designated the A1E1, and was 
delivered to the Mechanical Warfare Experi- 
mental Establishment in 1926 for exhaustive 
trials that did not lead to a production order, 
because of financial restrictions rather than 
any major problem with the tank itself. 
Amongst the Independent Tank's more ad- 
vanced features were intercommunication be- 
tween the eight-man crew by throat-mounted 
laryngaphone, a long wheelbase with the hull 
built up between the suspension assemblies, 
hydraulically powered controls, and wheel 
steering for all but the sharpest turns. For its 
time, the Independent was a massive 
machine, weighing 70,560 Ib (32,006 kg) and 
measuring 25.42 ft (7.75 m) in overall length. 
Power was provided by a 398-hp (267-kW) 
Armstrong Siddeley petrol engine for a max- 
imum speed of 25 mph (40.2 km/h), and the ar- 
mour varied in thickness between 13 and 
28 mm (0.51 and 1.1 in). Most unusual (and 
widely copied, largely in Germany and the 
USSR) was the armament system, which com- 
prised one main turret with four subsidiary tur- 
rets clustered round it. The main turret was fit- 
ted with a 3-pdr (47-mm) Mk 2 gun and incor- 
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A1E1 ‘Independent’ 


————— 


porated a cupola for the commander, whose 
Jernyngaphone communication with all other 
‘ew members was complemented by a 
Pointer system to indicate targets to any of the 
furrets. The subsidiary turrets were each fitted 
wth a single 0.303-in (7.7-mm) Vickers 
machine-gun. 

Elements of this innovative machine were 
Sdent in the two other British medium tanks 
Gf the period between the world wars, namely 
ne Аб and the A7. 

Only prototypes of the A6 were built bet- 
ween 1928 and 1930, with engines ranging 
trom a 180-һр (134-kW) Armstrong Siddeley 
petrol engine (A6E1) and a similarly rated 
Ricardo C.1 diesel (A6E2) to the 500-hp 
1373-kW) Thorneycroft RY-12 diesel. The tanks 
жеге well armoured, fitted as standard with 
radio and protection against gas attack, and 
med with three turrets: the main turret ac- 
‘commodated one 3-pdr (47-mm) gun and one 
©303-4п (7.7-mm) Vickers coaxial machine- 
Gun, and each of the two forward-mounted 
Subsidiary turrets accommodated twin Vick- 
=s guns. The production version was to have 
Been the Medium Tank Mk III, of which three 
prototypes were built in 1930 with a number of 
improvements, and reduction of the secon- 
дагу armament to three machine-guns. 

The A7 was an official design by the Chief 
Superintendent of Design for construction 
at the Royal Ordnance Factory, Woolwich. 
The first two examples were the A7E1 
(Se0r/47-mm main gun plus two Vickers 
machine-guns) and A7E2 (2-pdr/40-mm main 
gun plus two Vickers machine-guns), and trials 
‘Confirmed that the basic design was excellent. 
There were a number of mechanical failings, 


Vickers A1E1 ‘Independent’ 
(UK) 


Type: heavy tank prototype 
Crew: 8 


Combat weight: 70,560 Ib (32,006 kg) 
Dimensions: length overall 24.42 ft (7.747 т); 
width 10.50 ft (4.76 m); height 8.83 ft (2.69 m) 
Armament system: one 3-pdr (47-mm) gun and 
four 0.303-in (7.7-mm) Vickers machine-guns 
Armour: between 12.7 and 29 mm (0.5 and 
1.14 in) 

Powerplant: one 398-hp (297-kW) Armstrong Sid- 
deley petrol engine. 

Performance: speed, road 25 mph (40.25 km/h) 


though, and by the time these had been over- 
come in 1936, the design was obsolescent. 
Similar mechanical problems dogged the 1937 
trials of the single A7E3, which was based on 
the A7E2 but powered by twin AEC diesels, 
and incorporated features of the A6E3 and 
Medium Tank Mk III. 

Up to the early 1930s the British had re- 
mained confident that they had the right ‘mix’ 
of armoured vehicles, in the form of the light 
tank for reconnaissance, and the medium tank 
for independent mobile operations and sup- 
port of the infantry. But when the failure of the 
A6 and A7 programmes coincided. with the 
realization of a rapid rearmament programme 
forced by Germany's growing strength and 
belligerence, the army decided that it could 
best cater for the independent mobile and in- 
fantry support roles with different tank types. 
Thus the medium tank gave way to the cruiser 
tank for mobile operations, and the infantry 
tank for support operations. 

The first cruiser tank was the A9, otherwise 
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Cruiser Tank Mark I CS (A9) 


The A9 Cruiser Tank was 
developed in the UK as 
replacement for the 
Medium Tank Mk | and 
Mk II family. The work 
was carried out by 
Vickers on the basis of 
the cancelled A6, and this 
is a Cruiser Tank Mk | CS 
with а 3.7-in (95-mm) 
howitzer in place of the 
original turret-mounted 
2-pdr (40-mm) high- 
velocity gun. (RAC Tank 
Museum) 


A9 Cruiser Tank Mk I CS 
(UK) 


Type: cruiser tank (close support) 

Crew: 6 

Combat weight: 28,068 Ib (12,732 kg) 
Dimensions: length overall 19,00 ft (5.79 m): 
width 8.42 ft (2.57 m); height 8.67 ft (2.64 m) 
Armament system: one 3.7-in (94-mm) howitzer 
and three 0.303-in (7.7-mm) Vickers machine- 
guns with 3,000 rounds 

Armour: between 6 and 14 mm (0.24 and 0.55 in) 
Powerplant: one 150-hp (111.8:KW) AEC Type 
179 petrol engine with 72 Imp. gal. (327 litres) of 
fuel 

Performance: speed, road 25 mph (40.2 km/h); 
range, road 150 miles (241 km); vertical obstacle 
3.0ft (0.91 m); trench 8.0 ft (2.43 m); ground 
clearance 18 in (0.46 m) 


known as the Cruiser Tank Mk | and designed 
by Sir John Carden of Vickers-Armstrongs in 
1934 as a simpler and cheaper derivative of 
the A6/Medium Tank Mk III. The type entered 
small-scale production in 1937 as a 28,000-Ib: 
(12,701-kg) vehicle with a crew of six, a 150-hp: 
(112-kW) AEC Type 179 petrol engine for a 
maximum speed of 23 mph (37 km/h), armour 
between 4 and 16 mm (0.16 and 0.63 in) thick, 
and an armament of one 2-pdr (40-mm) gun 
and one 0.303-in (7.7-mm) machine-gun in the 
power-traversed main turret and one Vickers 
machine-gun in each of two subsidiary turrets. 
The use of a 2-pdr (40-mm) gun in place of the 
previously standard 3-pdr (47-mm) weapon: 
may appear to have been a retrograde step, 
but it was in fact a highly sensible move as the 
smaller-calibre weapon had far higher muzzle 
velocity than the larger weapon, and thus 
greater armour-penetrating capability. 
Whereas the 3-pdr (47-mm) weapon fired its 
340 (1.36-kg) shot with a muzzle velocity of 
1,850 ft (564 m) per second to pierce 27 mm 
(1.06 in) of armour at an angle of 30° at à 
range of 500 yards (457 m), the 2-pdr (40-mm) 
weapon fired its 2.375-Ib (1.08-kg) shot with а 
muzzle velocity of 2,800 ft (1,270 m) per se- 
cond to pierce 57 mm (2.24 in) of armour at an 
angle of 30° at a range of 500 yards (457 m). 
The 2-pdr (40-mm) ordnance was slightly 
longer and heavier than the 3-pdr (47-mm) 


A TROUBLED ADOLESCENCE 


weapon, but this was more than offset by its 
iderably greater lethal effect. 

Production of the A9 amounted to only 125 
vehicles, and the type remained in service up 
18 1941, seeing operational use in France and 
North Africa. 

At the same time as developing the A9, 
Wickers-Armstrongs undertook design of the 
А10 as an infantry tank, using the A9 as its 
Basis, but increasing the armour thickness to a 
maximum of 30 mm (1.18 in): the additional ar- 
mour took the form of plates attached to the 
ЖЫЙ (the first use of appliqué armour on a 
British tank), and increased the weight of the 
wehicle to 30,800 Ib (13,971 kg). The engine re- 
mained unaltered, and this meant a reduction 
$n maximum speed to 16 mph (25.75 km/h). 
The subsidiary turrets of the A9 were not re- 
fined, and in 1940 the Vickers coaxial 
machine-gun was replaced by a 7.92-mm 
19.312-in) Besa, a weapon of the same type 
Sometimes being added in the nose in place of 
Some of the ammunition stowage. By the time 
$e A10 was ready for production, it was clear 
That it lacked adequate protection for the in- 
Sentry role, and the type was classified as the 
Heavy Cruiser Tank Mk Il. There was also a Mk 
ША with detail improvements (and in later 
wehicles improved armour, including addi- 
Sonal thickness over the mantlet), and as with 
$e A9, an infantry close support version with a 
S Fin (94-mm) howitzer, this Mortar Mk 1 be- 
ing a 222-lb (100.7-kg) weapon whose 1/15 
Barrel fired а 10.5-Ib (4.76-kg) projectile with a 
muzzle velocity of only 620 ft (189 m) per 
Second. 

There now came a turning point in British 
Sank design, with the 1936 decision to develop 
mew cruiser tanks on the basis of the suspen- 
Sion system devised in the USA by J. Walter 
Caristie and already adopted with a high 
Sgree of success by the Soviets for their BT 
senes. The Christie suspension used large- 
Gemeter road wheels attached to swinging 
ems supported by long coil springs: this gave 
Se individual road wheels great vertical move- 
ment. In its basic form the Christie suspension 
System provided for high speed over adverse 
Terrain, but considerable work had to be under- 
кеп to turn the system into a battleworthy 
Suspension for the new cruiser tanks. The 


Cruiser Mark ПА (A10) 


A10 Cruiser Tank Mk IIA 
(Uk) 


Type: heavy cruiser tank 

Crew: 5 

Combat weight: 30,800 Ib (13,971 kg) 
Dimensions: length, gun forward 19.25 ft 
(5.87 m) and hull 18.08 ft (5.51 m); width 8.29 ft 
(2.53 т); height 8.5 ft (2.59 m) 

Armament system: one 2-pdr (40-mm) gun and 
two 7.92-mm (0.3-in) Besa machine-guns 
Armour: 30 mm (1.18 in) 

Powerplant: one 150-hp (111.&-XW) AEC petrol 
engine 

Performance: speed, road 16 mph (25.75 km/h); 
range, road 100 miles (161 km) 


Designed by Vickers, tne 
A10 Cruiser Tank Mk II 
was a much improved 
version of the Cruiser 
Tank Mk | with sufficient 
armour to allow the type's 
use as an infantry tank 
when required. This is a 
Mk IIA of the main 
production sequence, with 
the hull machine-gun 
omitted from some earlier 
vehicles. (RAC Tank 
Museum) 
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result was incorporated in the A13 designed 
under the auspices of the Mechanisation 
Board by Nuffield Mechanisations and Aero 
Ltd, a branch of the Nuffield industrial organ- 
ization. The prototype was completed in 1937 
and immediately displayed excellent perfor- 
mance as a result of the Christie suspension 
combined with a high power-to-weight ratio: 
the A13 was powered by a 340-hp (253.5-kW) 
derivative of the Liberty aero engine and 
weighed 31,810 Ib (14,429 kg) for a ratio of 
23.9 hp per ton (17.57 kW per tonne), which 
compares interestingly with the Cruiser Tank 
Mk II's 10.9 hp per ton (8.006 kW per tonne). 
This produced a maximum speed of more that 
30 mph (48.3 km/h) combined with unprece- 
dented cross-country performance. Only 
moderate armour was provided, with 
minimum and maximum thicknesses of 6 and 
14 mm (0.24 and 0.55 in) as the tank was in- 
tended to rely on performance and agility as 
the main platforms of its protection, and the ar- 


A13 Mk I Cruiser Tank Mk III 
(UK) 


Type: cruiser tank 

Crew: 4 

Combat weight: 31,808 Ib (14,428 kg) 
Dimensions: length overall 19.75 ft (6.02 m); 
width 8.33 ft (2.54 m); height 8.50 ft (2.59 m) 
Armament system: one 2-pdr (40-mm) gun and 
one 0.303-in (7.7-mm) Vickers machine-gun 
Armour: between 6 and 14 mm (0.24 and 0.55 in) 
Powerplant: one 340-hp (253.5-«W) Nuffield 
Liberty petrol engine 

Performance: speed, road 30 mph (48.3 km/h); 
range, road 90 miles (145 km) 


Cruiser Tank Mark IIl (A13 МКІ) 


mament was also modest. This comprised а 
turret-mounted 2-раг (40-mm) gun and 
0.303-in (7.7-mm) Vickers coaxial machine- 
gun. The reduction in the number of machine- 
guns did not seriously affect the tank's ability 
to defend itself against infantry attack, and 
had the very useful advantage of allowing а 
reduction in crew number to a mere four men. 
Deliveries of the resultant Cruiser Tank Mk Ш 
began in December 1938 and were completed 
in 1939, when the improved Cruiser Tank MK: 
IV began to appear. The Mk Ill was used in 
France during 1940 and in North Africa during; 
1941, and proved a failure because of its whol- 
ly inadequate armour. 

It was this failing that the Mk IV (otherwi 
the A13 Mk Il) was designed to overcome 
through the addition of additional armour to in- 
crease the protective basis to 20 or 30 mmy 
(0.79 or 1.18 in) іп the more important areas” 
Even so, the Mk IV was decidedly underar= 
moured by the standards of its contempor- 
aries. The Mk IVA introduced а 7.92-m 
(0.312-in) Besa coaxial machine-gun in pla: 
of the original Vickers, and also featured 
Wilson combined gearchange and steeri 
gearbox. As with the Mk Ill, range was tt 
limited for effective independent operations, 
and the angular design of the box-like hull ai 
vee-sided turret provided many shot traps. 

During this period the British learned of t 
Soviet T-28 tank, and decided to investigat: 
more fully the concept of a heavy cruiser tai 
with the A14, built by the London, Midland 
Scottish Railway Co., and the A16 built by Ni 
field Mechanisations and Aero. It was gover! 
ment policy in this period to allocate the desi 
and construction of less important tanks t 
companies with heavy engineering capabili 
but no previous experience of armour 
fighting vehicles: the country's capacity fo 
tank production was thereby expanded, а! 
the failure of the design would have minimal 
operational consequences, while still provi 
ing the company with useful experience. 
A14 had Horstmann suspension and the A1 
was designed round Christie suspension, 
both were unsuccessful and cancelled й 
1939, the A16 even before the prototype hi 
been completed. 

The next British cruiser tank was therefore: 
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the A13 Mk III, otherwise known as the Cruiser 
Tank Mk V Covenanter. This resulted from of- 
ficial dissatisfaction with the speed of the A14 
prototype, and the LMS Railway Co. was 
therefore asked to develop, on the basis of the 
А13 Mk II, a cruiser tank with considerably bet- 
ter speed than the 66,080-Ib (29,974-kg) A14. 
The Covenanter was essentially the A13 Mk II 
with a purpose-designed 300-hp (224-kW) 
Meadows engine, armour thicknesses in- 
creased to between 7 and 40 mm (0.28 and 
1.575 in), and a low-silhouette turret designed 
to optimize ballistic protection by increasing 
armour angles. The tank was a combat vehicle 
of some potential, and production eventually 
amounted to 1,771: but the type was beset by 
intractable problems with engine cooling and, 
despite evolution through four marks in an ef- 
fort to overcome these difficulties, was never 
used in combat. The Covenanter nevertheless 
proved invaluable as a training tank. The stan- 
dard armament was one 2-pdr (40-mm) gun 
and a 7.92-mm (0.312-in) Besa coaxial ma- 
chine-gun, but the close-support variant of 
each of the four marks was fitted with a 3-in 
(76.2-mm) howitzer. 

The next British cruiser tank was the A15, 
otherwise the Cruiser Tank Mk VI Crusader. 
Design of this important tank was started in 
1938 but completed only in 1940, and is de- 
Scribed more fully in a later chapter. 

As noted above, the cancellation of the A6 
and A7 medium tanks in the mid 1930s coin- 
cided with the realization that, whereas previ- 
ous tanks had been fitted with the 14-mm 
(0.55-in) armour deemed sufficient to stop the 
anti-tank projectiles fired by small arms, the 
advent of specialist anti-tank guns in calibres 
of 37 mm or greater posed a new threat. The 
cruiser tank was evolved as successor to the 
medium tank in its mobile independent role, 
with only modest armour as it was to rely on 
agility and speed for its main protection. The 
infantry support role demanded a new type of 
tank, with considerably greater armour protec- 
fion, as agility and speed would not be ap- 
propriate to the operational task envisaged. 
Tne division of the medium tank role into the 
cruiser and infantry roles coincided with the 
appointment to the position of Master General 
of the Ordnance of General Sir Hugh Elles, 


Covenanter IV 


A13 Mk III Cruiser Tank Mk V** 
Covenanter IV 
(UK) 


Type: heavy cruiser tank 

Crew: 4 

Combat weight: 40,320 Ib (18,289 kg) 
Dimensions: length overall 19.00 ft (5.79 m); 
width 8.58 ft (2.62 m); height 7.33 ft (2.23 m) 
Armament system: one 2-pdr (40-mm) gun and 
one 7.92-mm (0.312-in) Besa machine-gun 
Armour: between 7 and 40mm (0.28 and 
1.575 in) 

Powerplant: one 300-hp (224-kW) Meadows DAV 
petrol engine 

Performance: speed, road 31 mph (49.9 km/h); 
range, road 100 miles (161 km) 


commander of the Tank Corps in the First 
World War. Elles thus had considerable 
operational experience of the direct infantry 
support role, and despite the technical and 
financial objections of many interested par- 
ties, Elles was insistent that a new breed of 
infantry tank should be evolved: the primary 
requirements were to be invulnerability to the 
fire of 37-mm anti-tank guns, and good per- 
formance in adverse conditions. 

The task was entrusted to Sir John Carden 
of Vickers-Armstrongs, but the predetermined 
unit cost of each vehicle meant that Carden 
had to work to very fine limits and forget all 
possibility of ‘frills’. The resulting A11, or Infan- 
try Tank Mk I Matilda, gave every indication of 
having been designed down to a price, rather 
than up to a specification, yet managed to 
achieve one of the concept's primary re- 
quirements: invulnerability to the anti-tank 
weapons of the day, thanks to the use of ar- 


69 


ENCYCLOPAEDIA OF THE TANK 


The very small size of the 
infantry Tank Mk | is 
readily apparent in this 
illustration of a Romanian 
inspection of vehicles 
belonging to the 4th 
Battalion, Royal Tank 
Corps. (RAC Tank 
Museum) 


mour varying in thickness between 10 and 
60 mm (0.39 and 2.36 in). Indeed, it is rightly 
pointed out that up to the end of 1940, the A11 
was amongst the world's most heavily ar- 
moured tanks, and this helped to reduce 
losses. This was perhaps just as well, for on 
the other side of the coin the A11 was not ade- 
quately planned in terms of armament, the 
limiting price having forced Carden to design a 
small vehicle whose two-man crew dictated 
the use, for the first time on a British tank, of a 
one-man cast turret armed with just one 
0.303-in (7.7-mm) Vickers machine-gun, later 
altered to one 0.5-in (12.7-mm) Vickers 
machine-gun in a move that increased fire- 
power but further cramped the already un- 
comfortable turret. The armament was thus 
wholly inadequate right from the beginning of 
the tank's service career in 1938, the tracks 
and running gear were based on those of the 
Vickers Six-Ton Light Tank, and were thus 
vulnerable and limited in capability to low 
Speeds and modest power, as they carried at 
least twice their designed load. The 70-hp 
(52.2-kW) Ford engine proved inadequate for 
this 24,640-Ib (11,177-kg) vehicle, without con- 
Siderable gearing down. 

Even as the A11 was starting prototype 


trials in 1936, the War Office was concluding 
that the infantry tank should not only be well 
protected, but also sufficiently well armed to 
deal with enemy positions as well as infantry. 
A cursory examination showed that the A11 
could not be evolved in such a fashion, and it 
was decided to limit A11 production to 139 
machines that would serve as interim types, 
pending the arrival of a superior infantry tank. 
This was the A12, otherwise known as the In- 
fantry Tank Mk II Matilda II, and designed by 
the Tank Design Department of the 
Mechanisation Board on the basis of the 1932 
A7 prototype, using the same running gear 
(strengthened for higher weights) and 
powerplant of two 87-hp (64.9-kW) AEC 
diesels, driving through a Wilson gearbox. The 
design was ordered straight into production, 
and for lack of tank-experienced companies 
with the capability for making large armour 
castings, manufacture was entrusted to the 
Vulcan Foundry of Warrington, with other 
companies brought in as the programme ex- 
panded. Most of the castings for the heavy hull 
and turret armour, varying in thickness bet- 
ween 20 and 78 mm (0.79 and 3.08 in), were 
produced by Vulcan, which was responsible 
for final assembly. Production eventually 
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A12 Infantry Tank Mk IIA* Matilda III 
(UK) 


Type: infantry tank 

Crew: 4 

Combat weight: 59,360 Ib (26,926 kg) 
Dimensions: length overall 18.42 ft (5.61 m); 
width 8.50 ft (2.59m); height overall 8.25 ft 
(2515m) 

Armament system: one 2-pdr (40-mm) QF Mk IX 
or X L/50 rifled gun with 93 rounds, one 7.92-mm 
(0.312-in) Besa coaxial machine-gun with 2,925 
rounds, one 0.303-in (7.7-mm) Bren AA machine- 
gun with 600 rounds, and two smoke-dischargers 
оп the right of the turret; the turret was 
hydraulically operated, the main gun was stabiliz- 
еа in neither elevation (—15° to +20°) nor 
azimuth (360°), and simple optical sights were 
fitted 

Armour: bolted and cast steel varying in 
thickness between 13 and 78mm (0.51 and 
3.07 in) 

Powerplant: two 95-hp (70.kW) Leyland 
£148/148 or E164/165 diesel engines with 46.5 
Imp. gal. (211.4 litres) of fuel 

Performance: speed, road 15 mph (24.1 km/h); 
range, road 160 miles (257.5 km); fording 3.0 ft 
{0.91 m) without preparation and 3.5 ft (1.02 m) 
with preparation; vertical obstacle 2.0 ft (0.61 т); 
trench 7.0 ft (2.13 m); ground clearance 14 in 


(0.36 m) 


amounted to 2,987 vehicles, and the risky 
Gecision to order the type ‘off the drawing 
‘board’ was validated by generally successful 
‘capabilities from the beginning of trials. The 
58.360-Ib (26926-kg) Matilda Il was of course 
heavier than its precedessor, but this allowed 
the carriage of a four-man crew and the in- 
stallation of a larger turret accommodating a 
2-pdr (40-mm) gun and one coaxial machine- 
gun (0.303-in/7.7-mm Vickers in the Mk II 
Matilda Il and 7.92-mm/0.312-in Besa in the 
Мк ПА Matilda 11 and later marks). Improve- 
ment during the Second World War was 
undertaken wherever possible, resulting in the 
МК ПА" Matilda III with two 95-hp (70.8-kW) 
Leyland diesels, the Matilda IIl CS with a 3-in 
176.2-mm) howitzer, the Matilda IV with 
mechanical improvements over the Matilda III, 
$e Matilda IV CS with mechanical improve- 
ments over the Matilda IIl CS, and the Matilda 
¥ identical with the Matilda IV but with a 
Girectly-operated pneumatic gearbox. Other 


Infantry Tank MkII Matilda 


improvements centred on features such as a 
0.303-in (7.7-mm) Bren light machine-gun on 
an overhead mounting above the comman- 
ders cupola for anti-aircraft fire, and the 
Matilda was also developed for the mine- 
clearing role as the Matilda Scorpion flail tank, 
the Matilda AMRA Mk IA roller tank and the 
Matilda Carrot roller/explosive tank. 

Third in the sequence of British support 
tanks was the Infantry Tank Mk III Valentine. 
Like the Cruiser Tank Mk VI Crusader, this was 
originated before World War II (in this instance 
on the basis of the A9 and A10 cruiser tanks 
with thicker armour) but matured during the 
war and is treated in a later chapter. So far as 
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Matilda Scorpion 


1 


Valentine 11 


Matilda Scorpion Mk I 
(UK) 


Type: mineclearing flail tank 
Crew: 4-5 

Combat weight: not known 

Dimensions: length overall 23.25 ft (7.09 т) 
height 8.25 ft (2.51 m) 

Armament system: one 2-pdr (40-mm) gun with 
93 rounds, one 7.92mm (0.312in) Besa 
machine-gun with 2,925 rounds, one 0.303-in 
(7.7-mm) Bren machine-gun with 600 rounds, anc 
two 4-in (102-mm) smoke-dischargers 

Armour: between 20 and 78mm (0.79 and 
3.07 in) 

Powerplant: two 95-hp (70.8KW) Leyland E- 
series petrol engines with 46.5 Imp. gal 
(211 litres) of fuel, plus one 30-hp (22.4-kW) Bed- 
ford or Ford truck engine in the external compart- 
ment on the right of the tank to drive the flail 
mechanism by a cardan shaft and bevel gears 

Performance: (gun tank) speed, road 15 mph 
(24.1 km/h); range, road 160 miles (257.5 km) 
fording 3.5 ft (1.07 m); vertical obstacle 2.0 ft 
(0.61 m); trench 7.0 ft (2.13 m) 


Infantry Tank Mk III Valentine III 
(UK) 


Type: infantry tank 

Crew: 4 

Combat weight: 35,840 Ib (16,257 kg) 
Dimensions: length overall 17.75 ft (5.41 m): 
width 8.625 ft (2.63 m); height 7.46 ft (2.27 m) 
Armament system: one 2-pdr (40-mm) gun with | 
60 rounds, one 7.92mm (0.3124n) Besa | 
machine-gun with 3,150 rounds, опе 0.3034п 
(7.7-mm) Bren machine-gun with 600 rounds and 
one 2-in (50.8-mm) bomb thrower with 18 rounds 
Armour: between 8 and 65mm (0.315 and 
2.56 in) 

Powerplant: one 131-hp (97.7-kW) AEC Type 
A.190 diesel engine with 36 Imp. gal. (164 litres) 
of fuel 

Performance: speed, road 15 mph (24.1 km/h); 
range, road 90 miles (145 кт); fording 3.0 ft 
(0.91 m); 

gradient 60%; vertical obstacle 3.0 ft (0.91 m); 
trench 7.75 ft (2.36 m) 


the situation in 1939 is concerned, one must 
conclude that official indifference and lack of 
funding had resulted in a parlous tank position: 
the light reconnaissance tank was available in. 
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Char FCM 2C 


seful numbers but obsolete, the medium tank 
wes outdated, the cruiser tank was unproven 
3n concept as well as too lightly armed and ar- 
moured, and the infantry tank was also un- 
proved, as well as too slow. This dangerous 
Situation was compounded by lack of ade- 
uate design and manufacturing capabilities, 
апа by the failure of the higher authorities to 
‘Grasp the nettle of German tank superiority 
when this became evident. 

Like the UK, France was faced with pro- 
biems of how to develop its armoured force 
after the First World War, especially as finan- 
cial resources were again scarce and the role 
‘of the tank was in question. Most production 
Orders were cancelled at the end of the war 
ала much of the in-service tank fleet was in 
fact unserviceable, because of the cumulative 
mechanical defects of designs that had been 
Tushed too hastily into production. General 
JE Estienne meanwhile set to work on the 
tactical and operational roles of an indepen- 
cent tank arm evolved from the Artillerie 
Assaut of the war using as its first major 
wehicle a derivative of the Char 1, but in 1920 
the Artillerie d'Assaut was disestablished and 
‘the tank arm subordinated to the infantry, tank 
Units thereafter serving as components of in- 
fantry formations. 

їп 1921 the French formulated their first 
programme for tank development, calling for a 
har de rupture (breakthrough tank) and a char 
де bataille (battle tank) to succeed the Renault 


Char FCM 2C 
(France) 


Type: heavy tank 

Crew: 12-13 

Combat weight: 70,000 kg (154,321 Ib) 
Dimensions: length overall 10.27 m (33.69 ft); 
width 2.95 m (9.68 ft); height 4.01 m (13.16 ft) 
Armament system: one 75-mm (2.95-in) gun with 
125 rounds and four 8-mm (0.315-in) machine- 
guns with 10,000 rounds 

Armour. between 13 and 45mm (0.51 and 
177 in) 

Powerplant: two 134.2-KW (180-hp) Mercedes 
petrol engines. 

Performance: speed, road 12 km/h (7.5 mph): 
range, road 160 km (100 miles); gradient 50%; 
vertical obstacle 1.22 m (4.0 ft); trench 4.115 т 
(13.5 ft) 


FT in the infantry support role. Under the 
auspices of the Section Technique des Chars 
de Combat, headed by the Inspecteur des 
Chars (inspector of tanks, General Estienne), 
this programme produced one breakthrough 
tank (the Forges et Chantiers de la Mediter- 
ranée 2C) and five possible battle tanks from 
Delaunay-Belleville, FAMH (Saint Chamond), 
FCM and Renault/Schneider. 

The origins of the Char 2C in fact lie deep in 
the First World War, when the evident limita- 
tions of the Chars d'Assaut Schneider and 
Saint Chamond persuaded FCM to inaugurate 
the design under Jammy and Savatier of a 


Farleft The British 
army's most successful 
tank design of the period 
leading up to the Second 
World War was the A12 
Infantry Tank Mk II 
Matilda 11, which 
combined excellent 
protection with adequate 
performance, but was let 
down by its small turret, 
which in the tank's basic 
role could be fitted with 
nothing larger than the 
2-pdr (40-mm) high- 
velocity gun or 3-in 
(76-mm) close-support 
howitzer. (RAC Tank 
Museum) 
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The Char 2C was a 
monstrous tank by 
anyone's standards, and 
had its origins in the 
breakthrough tank 
designed by FCM for 
service in 1919. This is 
one of six surviving 
vehicles knocked out on 
their rail cars by German 
air attack in 1940, the side 
view emphasizing the size 
of the vehicle and its multi- 
turret armament: the front 
turret accommodated a 
75-mm (2.95-in) gun, and 
the rear turret an 8-mm 
(0.315-in) machine-gun 
there were three other 
machine-guns of the same 
calibre located one each 
in the front and the sides. 
(WM) 
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considerably larger and more capable char 
lourd (heavy tank) using a rhomboidal hull 
shape reminiscent of the Medium Tank Mk C 
but with a sloping top run, fitted with a rotating 
turret for the main armament, and having suffi- 
cient armour for the breakthrough role. Two 
prototypes of the Char 1A were ordered in Oc- 
tober 1916, one with mechanical and the other 
with electric transmission. Powered by one 
240-hp (179-kW) Renault petrol engine, each 
of these seven-man tanks weighed 40,000 kg 
(88,183 Ib) complete with armour varying in 
thickness up to 35 mm (1.38 in), and could 
achieve 6 km/h (3.7 mph): the armament com- 
prised one turret-mounted 75-mm (2.95-in) gun 
and two 8-mm (0.315-in) Hotchkiss machine- 
guns. There was also a single Char 1B with a 
105-mm (4.13-in) rather than 75-mm (2.95-in) 
main gun, but like its companions this poten- 
tially excellent tank was let down by its dismal 
turning performance, and further effort to- 
wards development of a major tank type for 
the planned 1919 Allied offensives was turned 
to the Char 2C with operational improvements 
and petrol-electric transmission. 


It was planned to build 300 Chars 2C in time 
for the 1919 push, but in the event only 10 
tanks had been started by the time of the Ar- 
mistice and the cancellation of further orders. 
Each 12-man machine weighed 70,000 kg 
(154,321 Ib) with armour up to a maximum 
thickness of 45 mm (1.77 in) and was powered 
by two 180-hp (134-kW) Mercedes petrol en- 
gines, later replaced by 250-hp (186-kW) 
Mayba@h petrol engines, each driving а 
generator and electric motor for one track. 
The type's size, including a length of 10.27 m. 
(33.69 ft) and large forward rise, provided 
good front-line performance, including trench- 
crossing and parapet-climbing figures of 4.15 
and 1.22 m (13.62 and 4.0 ft) respectively. The 
Size also allowed the installation of com- 
prehensive armament in what was thus the 
world's first multi-turret tank: the front turret 
was fitted with a 75-mm (2.95-in) gun, the rear 
turret was armed with an 8-mm (0.315-in) 
machine-gun, and three other machine-guns 
were located in ball mountings (one in the front 
hull and one on each side). The Char 2C ran on 
24 double roller wheels in six flat-sprung 
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Dogies, and possessed a maximum speed of 
13 km/h (8.1 mph). The last of the 10 tanks was 
delivered in 1922, one year after the Char 2C 
became operational, and the type remained in 
service right up to the Second World War. The 
only variant appeared in 1926, when FCM 
modified one machine as the Char 2C-bis with 
two 250-hp (186-kW) Sautter-Harie engines, 
thicker armour and a shortbarrel 155-mm 
(6.1-in) howitzer as its main armament. 

After assessment of the five char de bataille 
proposals and examination of four mock-ups 
in 1924, the Section Technique des Chars 
de Combat in 1927 ordered single Char B pro- 
totypes from РАМН, FCM and Renault/ 
Schneider. The specification had called for a 
weight of 15,000 kg (33,069 Ib), a crew of four, 
and a main armament of one hull-mounted 
47-mm or 75-mm (2.95-in) gun: the prototypes 
appeared between 1929 and 1931 with a 
weight of 25,000 kg (55,115 Ib), a hull-mounted 
75-mm (2.95-in) SA 35 main gun, and a secon- 
dary armament of four 7.5-mm (0.295-in) 
Chatellerault machine-guns (two fixed in the 
forward hull and two flexible in the turret). After 
exhaustive trials in the 1932 French army 
manoeuvres, the Char B was ordered into pro- 
Guction in a revised form as the Char B1. This 
began to enter service in 1935, and was ar- 
moured to a maximum thickness of 60 mm 
(2.36 in): in this model the main gun was fixed 
intraverse (the whole tank having to be slewed 
via a Naeder hydrostatic pump drive to bring 
the gun to bear on the target) and capable of 
elevation through an arc between -15° and 
+35°, while the turret accommodated one 
37-mm gun plus a 7.5-mm (0.295-in) coaxial 
machine-gun. Only 36 Chars B1 had been pro- 
duced before the considerably revised Char 
81-0іѕ was introduced with heavier armour, 
revised armament, and a more powerful en- 
gine. The Char В1-0іѕ weighed 30,000 kg 
(66,138 Ib), was armoured more extensively 
with bolted-together castings to the maximum 
of 40 mm (1.575 in), had a revised turret ac- 
commodating one 47-mm gun and one 7.5-mm 
(0.295-in) coaxial machine-gun, and featured a 
250- rather that 180-hp (186- rather than 
134-kW) Renault petrol engine: production 
amounted to 365 vehicles by June 1940. The 
last development of this potent armoured fight- 


Above The Char B1-bis 
entered production in 
1937 after development 
from the Char B1 of 1935, 
itself the production 
version of the Char B. 
prototypes of 1929. The 
type employed an FCM 
development of the Holt 
suspension used in 
French tanks of the First 
World War. (MARS) 


Left One ofthe best 
tanks in service with the 
French army in 1940, the 
Char B1-bis was well 
protected, but its 
armament disposition 
included a 75-mm 
(2.95-in) gun mounted low 
in the hull and a 47-mm 


| gun and coaxial machine- 


gun in the APX4 turret. 
(MARS) 
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A Char B1-bis captured 
from the French in the 

1940 Battle of France. 

The armour of this type 
was virtually impervious 
to the Germans’ current 
anti-tank rounds. (IWM) 


Char B1-bis 
(France) 


Type: heavy tank 
Crew: 4 

Combat weight: 32,000 kg (70,547 Ib) 
Dimensions: length overall 6.52 m (21.39 ff) 
width 2.50 m (8.20 ft); height overall 2.79 m 
(9.15 ft) 

Armament system: one 75-mm (2.95-in) SA 35 
L/17.1 rifled gun fixed in azimuth in the hull front 
with an elevation arc of — 15° to + 25° and pro- 
vided with 74 rounds, one 47-mm SA 35 1/34 rifl- 
ed gun with 50 rounds, and two 7.5-mm (0.295-in) 
Chatellerault Modéle 1931 machine-guns (one 
coaxial with the 47-mm gun and one bow) with 
5,100 rounds; the turret was manually operated, 
its main gun was stabilized in neither elevation 
(— 18? to +18°) nor azimuth (360°), and simple 
optical sights were fitted 

Armour: bolted and cast steel varying in 
thickness between 20 and 60mm (0.79 and 
2.36 in) 

Powerplant: one 134-kW (180-hp) Renault petrol 
engine 

Performance: speed, road 28 km/h (17.4 mph); 
range, road 150km (93miles) fording 1.5m 
(4.92 ft); 

gradient 50%; vertical obstacle 0.93 m (3.05 ft); 
trench 2.75 m (9.02 ft); ground clearance 0.48 m 
(189in) 
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ing vehicle, still one of the most formidable 
weapons of its type in 1940, was the Char 
Bt-ter of which five were produced with a 
310-hp (231-kW) Renault engine, a maximum 
armour thickness of 70 mm (2.76 in), the crew 
increased to five by inclusion of a mechanic in 
the enlarged fighting compartment, and the 
main gun provided with traverse of 10? (5? left 
and right of the centreline). 

In 1926 the French produced a new tank 
programme providing for three tank types in 
the form of the char léger (light tank with one 
37-mm gun and 7.5-mm/0.295-in machine- 
guns), the char de bataille (battle tank with a 
main gun of 47-mm calibre or more) and the 
char lourd (heavy tank with thicker armour 
than the char de bataille). Little money was 
available to the French army in this and slightly 
later periods, most available resources being 
devoted to the fixed defences of the ‘Maginot 
Line', and the programme was generally un- 
Successful. The main results were the Renault 
Chars NC1 and NC2 (evolved from the FT 
series and discussed in the previous chapter), 
which secured export orders but failed to win 
French approval. Considerable development 
of tactical ideas followed in the early 1930s as 
the infantry and cavalry expanded their think- 
ing about the nature and employment 
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Char B1-bis 


of armour, but France's sole armoured war- 
fare visionary, Colonel Charles de Gaulle, fell 
into political oblivion after the publication of his 
Vers l'Armée de Métier. This called for a pro- 
fessional rather than conscript army of mech- 
anized shock troops, centred on armoured 
Givisions, and ran counter to all the tenets of 
France's pacifist government. 

In 1931 the infantry organized its armoured 
force by type of equipment in service or under 
Gevelopment, all such infantry vehicles being 
designated chars: the chars légers (light tanks) 
were the Renault R-35 and R-40, the FCM-36 
and the Hotchkiss H-35; the chars moyens 
(medium tanks, a new category) were the 
Renault D1 and D2, and the AMX-38; the chars 
де bataille (battle tanks) were the Char B 
series; and the chars lourds (heavy tanks) 
were the Char 2C series. In 1932 the cavalry 
followed suit with a wider-ranging classifica- 
tion of auto-mitrailleuses (machine-gun cars) 
that included wheeled armoured cars: the 
AMD (Auto-Mitrailleuse de Découverte) cate- 
gory comprised long-range armoured cars; 
the AMR (Auto-Mitrailleuse de Recon- 


naissance) category comprised cross-country 
light reconnaissance tanks with machine-gun 
armament, such as the Renault Type VM and 
Type ZT; the AMC (Auto-Mitrailleuse de Com- 
bat) category comprised gun-armed tanks 
such as the Renault Type YR and Type ACG1; 
and the char de cavalerie category added in 
1935 covered heavier gun-armed tanks such 
as the Hotchkiss H-35 and H-38/39, and the 
SOMUA S-35 and S-40. 

This classification system lasted until after 
the Second World War and it is convenient to 
treat the tanks filling each niche (other than 
those already discussed) in the order mention- 
ed above. The Char Léger R-35 originated 
from a 1934 requirement for a light tank to 
replace the FTs, still serving in substantial 
numbers despite their total obsolescence. The 
specification demanded a two-man light tank 
weighing no more than 8,000 kg (17,637 Ib) 
with armour to a maximum thickness of 
45 mm (1.77in), a road speed of 20 km/h 
(12.5 mph) and turreted armament of one 
37-mm or two 7.5-mm (0.295-in) machine 
guns. 
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A Renault R-35 light tank 
preserved at Satory in 
France. Visible are the 
scissors’ type of 
horizontal coil-spring 
suspension and hand- 
operated one-man turret 
armed with a 37-mm gun 
and coaxial machine-gun 
(MARS) 


Proposals were received from the Com- 
pagnie Générale de Construction des Loco- 
motives, Delaunay-Belleville, ЕСМ and 
Renault, the last's Type ZM being selected in 
1935 for a 300-vehicle production run. The pro- 
totype was armed with twin machine-guns and 
used scissors-type horizontal coil-spring sus- 
pension based on that of the Type ZT. The pro- 
duction vehicle had a revised turret of superior 
shape and fitted with one 37-mm gun and a 
7.5-mm (0.295-in) coaxial machine-gun, and 
the 82-hp (61.1-KW) Renault petrol engine 
drove this 9,800-kg (21,605-Ib) vehicle at a 
maximum speed of 20 km/h (12.4 mph). Pro- 
duction amounted to between 1,600 and 1,900 
vehicles (including export versions for Poland, 
Romania, Turkey and Yugoslavia), making this 
the most prolific of French tanks in the Second 
World War. The armament and armour were 
adequate, but the small one-man cast turret 
was a hindrance to operational utility, and the 
type was too slow for its intended recon- 
naissance role. Another criticism was the 
short-barrel SA 18 main gun, and to overcome 


Renault R-35 


Char Léger Renault R-35 
(France) 


Type: light tank 

Crew: 2 

Combat weight: 10,000 kg (22,046 Ib) 
Dimensions: length overall 4.20m (13.78 ft); 
width 1.85 m (6.07 ft); height overall 2.37 m 
(7.78 ft) 

Armament system: one 37-mm SA 18 L/21 or SA 
38 L/33 rifled gun with 100 rounds, and one 
7.5-mm (0.295-in) Chatellerault Modèle 1931 
coaxial machine-gun with 2,400 rounds; the tur- 
ret was manually operated, the main gun was 
stabilized in neither elevation (— 18° to + 18°) 
nor azimuth (360°), and simple optical sights 
were fitted 

Armour: cast steel varying in thickness to а max- 
imum of 45 mm (1.77 in) 

Powerplant: one 61.1-kW (82-hp) Renault petrol 
engine with 170 litres (37.4 Imp. gal.) of fuel 
Performance: speed, road 20 km/h (12.4 mph); 
range, road 140km (87 miles); fording 0.6m 
(1.97 ft); gradient 60%; vertical obstacle 0.5 m 
(1.64 in); trench 1.6m (5.25 9) increasing to 
20m (6.56ft) with optional tail; ground 
clearance 0.32 m (12.6 in) 
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is limitation to muzzle velocity (and thus to 
mour penetration, the R-40 was introduced 
with a long-barrel SA 38 gun of the same 
calibre, a weight of 10,500 kg (23,148 Ib) and 
provision for a detachable tail unit modelled on 
that of the FT for greater effective length and 
therefore an improved trench-crossing capa- 
city. Despite its one-man limitations, the turret 
was thought generally satisfactory, as at- 
tested by the fact that it was also used on the 
H-35 and H-38/39 tanks. 

Next in this category came the Char Léger 
FCM-36, designed as an infantry support vehi- 
cle, as initially developed, France's first diesel- 
engined tank, using a Berliet-built version of 
the Ricardo engine. This design was produced 
in parallel with the R-35 with the same arma- 
ment, but differed considerable in using all- 
welded armour varying in thickness up to 
40 mm (1.57 in). The FCM-36's combat weight 
was about 10,500 kg (23,148 Ib), allowing the 
SO-hp (67.1-kW) diesel to produce a maximum 
speed of 25 km/h (15.5 mph). This was signific- 
antly better than the speed of the R-35, as too 
was the combat range of 320 km (199 miles). 
But only 100 FCM-36s had been produced by 
1940, and the FCM-36 therefore played only a 
modest part in French operations. 

Last of this initial trio was the Char Léger 
Н-35 The origins of this tank lay with an infan- 
try requirement of 1933 for a light tank to part- 
ner the S-35. The Hotchkiss 1934 prototype to 
meet this requirement was rejected by the in- 
fantry in favour of the R-35, but the design was 
then accepted by the cavalry (Char de 
Cavalerie 35H) and finally accepted by the in- 
fantry as the H-35. Total production of the 
H-35, together with its H-39 and H-40 suc- 
cessors, amounted to about 1,000 vehicles. 
The armament was identical with that of the 
other chars légers, but at a maximum of 34mm 
11.34 in) the armour was considerably thinner 
than that of its two companions. To counter- 
Balance this potential deficiency, however, the 
9-35 was powered by a 75-hp (55.9-kW) Hot- 
chkiss petrol engine that gave this 11,400-kg 
125,132-Ib) vehicle the high maximum speed of 
28 km/h (17.4 mph). It was appreciated soon 
after the H-35's service debut that despite its 
Speed, the type would prove vulnerable, and 
the H-38 was developed with armour up to a 


Hotchkiss 


Char Léger 


Char Léger Hotchkiss H-38 
(France) 


Type: light (cavalry) tank 
Crew: 2 

Combat weight: 12,000 kg (26,455 Ib) 
Dimensions: length overall 422m (13.85 fi): 
width 1.85 m (6.07 ft); height 2.14 m (7.02 ft) 
Armament system: one 37-mm SA 18 gun with 
100 rounds and one 7.5-mm (0.295-in) machine- 
gun with 2,400 rounds 

Armour: between 12 and 40mm (0.47 and 
1.57 in) 

Powerplant: one 89.5-kW (120-hp) Hotchkiss 
petrol engine 

Performance: speed, road 36 km/h (22.4 mph); 
range, road 150 km (93.2 miles); gradient 60%: 
vertical obstacle 0.5 т (1.64 ft); trench 1.8m 


(5.9 ft) 


Though in many respects 
a useful light tank, the 
Char Léger R-35 (Renault 
Type ZM) was decidedly 
hampered by its one-man 
turret with manual traverse 
system and low-velocity 
37-mm gun. (Musée de 
l'Armée) 
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maximum thickness of 40 mm (1.57 in): this in- 
creased weight to about 12,000 kg (26,455 Ib), 
though performance was maintained, and in- 
deed improved, by the installation of a 120-hp 
(89.5-kW) Hotchkiss engine for a maximum 
speed of 36 km/h (22.4 mph). Further develop- 
ment produced the H-39, modelled on the H-38 
but featuring armour increased to a maximum 
thickness of 45 mm (1.77 in) and with the long- 
barrel SA 38 L/33 main gun in place of the 
original short-barrel SA 18 L/21 weapon: firing 
the same projectile, the short-barrel gun pro- 
duced a muzzle velocity of 388 m (1,273 ft) per 
second and the long-barrel weapon a muzzle 
velocity of 701 m (2,300 ft) per second for 
much improved armour penetration. The H-38 
and H-39 were produced only in modest 
numbers, and were used by the cavalry. 
Compared with their German opponents in 
1940, the PzKpfw І and 11, the French tanks 
had generally superior armament and protec- 
tion, but were let down tactically by their two- 


Char Renault D1B 
(France) 


Type: medium (infantry) tank 

Crew: 3 

Combat weight: 14,225 kg (31,360 Ib) 
Dimensions: length overall 5.77 m (18.94 ft); 
width 2.16 m (7.08 ft); height 2.39 m (7.84 ft) 
Armament system: one 47-mm gun with 35 
rounds and two 7.5-mm (0.295-in) machine-guns 
with 2,000 rounds 

Armour. between 14 and 40mm (0.55 and 
1.575 in) 

Powerplant: one 74.6-kW (100-hp) Renault petrol 
engine 

Performance: speed, road 20 km/h (12.4 mph); 
range, road 100 km (62.1 miles) 


Char Renault D1 


man crews, their use in small non-homogene- 
ous units, and (with exception of the R-35 
series) their comparatively small numbers. 

Next up the weight and capability ladder 
were the chars moyens, intended as medium- 
weight infantry support tanks. The most impor- 
tant of these was the Char D, produced by 
Renault in response to the 1926 new tank pro- 
gramme and based mechanically on the 
Renault NC 1 (NC27) light tank, that secured 
export rather than domestic sales. The first 
prototype appeared in 1931, and production of 
160 tanks was undertaken between 1932 and 
1935. The key to this model was the use of a 
two-man cast turret (one of the first such units 
in French service) on a riveted hull with skirt 
armour to protect the running gear. The crew 
of three was well provided with vision devices, 
and a radio with a distinctive triangular anten- 
na was standard. The Char D1A was armed 
with a 37-mm main gun and coaxial 7.5-mm 
(0.295-in) machine-gun, plus a fixed machine- 
gun of the same calibre fired by the driver, and 
ata weight of 12,000 kg (26,455 Ib) had a max- 
imum speed of 18 km/h (11.2 mph) on its 65-hp 
(48.5-kW) Renault petrol engine. The armour 
varied in thickness from 12 to 30 mm (0.47 to 
1.18in) and the tank's range was 80km 
(50 miles). The Char D1A was regarded as an 
interim step only, and the definitive early vari- 
ant was therefore the Char D1B, with armour 
increased to a maximum of 40 mm (1.57 in), 
the main gun increased to 47-mm calibre, and 
а 100-hp (74.6-kW) engine installed to increase 
the maximum speed to 20 km/h (12.5 mph) 
despite an increase in weight to 12,800 kg 
(28,219 Ib). 

But even the Char D1B was clearly inade- 
quate by the standard of the early 1930's, and 
Renault therefore developed the considerably 
enhanced Char D2 with greater protection and 
greater power. The prototype appeared in 
1932 and production of 100 examples began in 
1934. The Char D2 was powered by a 150-hp 
(112-kW) Renault petrol engine, and this gave 
the vehicle a maximum speed of 25 km/h 
(15.5 mph), despite the increase in overall 
weight to 16,000 kg (35,273 Ib) by the increase 
in minimum armour thickness to 20mm 
(0.79 in). The armament remained essentially 
unaltered from the standard of the Char D1B, 
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though 47-mm ammunition stowage was con- 
Siderably improved from 35 to 108 rounds. The 
Ghar D series was not particularly successful, 
and further production was curtailed in favour 
of the impressive SOMUA S-35 and the plann- 
29 Char Moyen AMX-38. This latter was a 
16.250-kg (35,825-ID) machine powered by a 
150-hp (112-kW) Aster diesel for a maximum 
speed of 25 km/h (15.5 mph) and a range of 
145 km (90 miles). In a retrograde move the 
French reduced the crew to two, but the arma- 
ment was the standard fit for chars moyens, 
Tough the 47-mm gun had 120 rounds. The 
protection was well designed and substantial, 
however, with minimum and maximum thick- 
nesses of 15 and 60 mm (0.59 and 2.36 in). A 
Small number of production machines had 
Seen built by the time the Second World War 
erupted in September 1939, but the French 
Sensibly decided to concentrate on larger- 
Scale production of the in-service types, rather 
Tan efforts to bring the AMX-38 into service. 

The French infantry's chars de bataille 
(Char B series) and chars lourds (Char 2C 
series) have been discussed above as they 
=e early machines stemming from First 
‘rid War programmes and experience, so it 
is time to turn to the cavalry tanks designed for 


longer-range operations. The lightest of these 
vehicles were the auto-mitrailleuses de recon- 
naissance, a category in which only the 
Renault Type VM and Type ZT entered service 
as the AMR ЗЗА and AMR 35R respectively. 
Since 1921 the French army had being trying 
to secure such a reconnaissance vehicle, with 
a crew of two and an armament of two 
machine-guns, but the various projects had all 
failed for a variety of reasons. Thus it was only 
after the 1931 reorganization of the French 
tank forces that significant progress was 
made in the form of the Type VM, designed in 
1932 and ordered initially as five prototypes 
with differing suspensions based on leaf or 
even rubber springs. Evaluation followed, and 
the first order for 123 AMR 33R vehicles 
stipulated four rubber-tyred road wheels 
mounted as a freely-pivoting central pair on a 
vertical coil spring and end units on bellcrank 
scissors with horizontal rubber springing. The 
vehicle was of riveted construction with min- 
imum and maximum armour thicknesses of 5 
and 13 mm (0.2 and 0.51 in), and at a weight of 
5,000 kg (11,023 Ib) was driven by an 84-hp 
(62.6-kW) Reinastella petrol engine at a max- 
imum speed of 60 km/h (37.3 mph). This ex- 
cellent road performance was matched by 


Delivered by Renualt fro 
1934, the Char D2 was 


m 


essentially an uparmoured 
and upengined derivative 


of the Char D1 infantry 
tank with an APX1 cast 
turret. Substantial 
production was 
anticipated, but in 1936 
the total was trimmed 
back to just 50 after the 


emergence of the clearly 


superior SOMUA S-35. 
(IWM) 
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AMR 33 PREISEN AMR 35 


(0.295-in) machine-gun. The turret was offset 


Auto-Mitrailleuse de Recon- to the left to allow the installation of the engine 


naissance 33 (Renault Type VM) 


on the right. 
(France) The AMR 33R proved successful, but the 
Type: light (cavalry) tank cavalry felt that improvement was possible in 
Crew: 2 terms of Suspension, powerplant, armament 
Combat weight: 5,000 kg (11,023 Ib) and vision. This paved the way for the Type ZT, 
Dimensions: length overall 3.504 m (11.50 ft); which was accepted for service as the AMR 
width 1.60 m (5.25 ft); height 1.727 m (5.67 ft) 35R. This was powered by an 85-hp (63.4-kW) 
Armament system: one 7.5mm (0.254п) | Renault engine, but as the weight had increas- 
machine-gun with 2,500 rounds ed to 6.5000 kg (14,330 Ib) the tank's outright 


Armour. between 5 and 13 mm (0.2 and 0.51 in) 


Powerplant: one 62.6-KW (82-hp) Reinastella performance suffered: maximum speed, for 


example, dropped to a still respectable 


petrol engine 

Р Performance: speed, road 60 km/h (37.3 mph); | 55Кт/һ (34.2 mph). The suspension was 
Koronny kaden as the, pe | "алде, road 200 km (124 miles); vertical obstacle | revised so that the central pair were mounted 
VM, this trim light tank 0.61 m (2.0 ft); trench 1.5 m (4.92 ft) on horizontally-sprung bellcranks. The suc- 
was notable for its good cess of this suspension is attested by its later 
ADS RU a very good cross-country performance and use on Renault and Hotchkiss light and 
down by its light agility. The poorest features were the two-man medium tanks. Many detail improvements 
armament, comprising crew, the driver being located in the front of were made to the hull to improve fields of vi- 


just one 7.5-mm (0.295-in) И Tf И d 
machine-gun. (RAC Tank 11е hull and the commander/gunner in the sion and maintainability, but the main develop 


Museum) small turret armed with a single 7.5-mm ment came in the armament, which could 


Auto-Mitrailleuse de Recon- 
naissance 35 (Renault Type ZT) 
(France) 


Type: light (cavalry) tank 

Crew: 2 

Combat weight: 6,600 kg (14,550 Ib) 
Dimensions: length overall 385m (12.63 ft); 
width 1.63 m (5.34 ft); height 1.88 m (6.18 ft) 
Armament system: one 13.2-mm (0.52-in) Hot- 
chkiss machine-gun with 1,750 rounds (or one 
25-mm cannon with 75 rounds, or опе 7.5-mm/ 
0.295-in machine-gun and one 13.2-mm/0.52-in 
machine-gun, or one 78.5-mm/0.295-in machine- 
gun with 1,750 rounds) 

Armour: between 5 and 13 mm (0.2 and 0.51 in) 
Powerplant: one 59.7-kW (80-hp) Renault petrol 
engine 

Performance: speed, road 55 km/h (34.2 mph) 
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comprise a single 25-mm Hotchkiss anti-tank 
gun, or a combination of one 13.2-mm (0.52-in) 
апа one 7.5-mm (0.295-in) machine-guns, or 
опе machine-gun of either calibre. Production 
amounted to 200 vehicles. 

Next up in capability was the auto- 
mitrailleuse de combat intended for the com- 
Sat rather than reconnaissance role, but with 
emphasis on hit-and-run tactics rather than 
head-on confrontations. The cavalry used the 
Schneider P16 halftrack in this role, but more 
Important were two Renault light tanks, the 
ype YR and the Type ACG1. The 1933 pro- 
уре was fitted with the FT's turret and thus 
had only a two-man crew, but was unsuc- 
cessful in evaluation trials and rapidly super- 
Seded by a more capable version with a hull 
and suspension modelled on those of the AMR 
33 but carrying a two-man turret accom- 
modating a 25-mm main gun and coaxial 
75mm (0.295-in) machine-gun. This was the 
first time a two-man turret had been installed 
on a French light tank, and offered a con- 
Siderable improvement in capability as the 
commander could concentrate his efforts on 


Supervision of the tactical situation, leaving 
the gunner to deal with targets. As befitted its 
role, the production AMC 34R was lightly ar- 
moured to a maximum of 20 mm (0.79 in), but 
the use of a 120-hp (89.5-kW) Renault petrol 
engine produced quite sprightly performance, 
including a maximum speed of 40 km/h 
(24.9 mph) at a combat weight of 10,800 kg 
(23,810 Ib). In overall terms the AMC 34R was 
a three-man version of the two-man AMR 33R 
with heavier armour and armament, but 
poorer performance despite the installation of 
а more powerful engine. The type also in- 
herited some of the AMR 33R's suspension 
limitations, and was thus supplanted without 
delay by the Type АСОТ, which entered ser- 
vice as the AMC 35R. 

Designed and built initially by Renault, the 
AMC 35R was produced in largest numbers by 
the Atelier de Construction  d'Issy-les- 
Moulineaux. And as the AMC 34R was modell- 
ed on the AMR 33R, the AMC 35R was derived 
from the AMR 35R with the same basic hull 
and suspension, though considerably upar- 
moured and upengined, and fitted with a more 


An AMR 33 (Renault Type 
VM) light tank at speed on 


a French road. (IMW) 
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MC 35 


The world's first tank with 
cast hull and turret, the 
SOMUA S-35 was 
perhaps the best tank 
available to France at the 
beginning of the Second 
World War, because of 
the high level of 
protection, good 
performance and the 
electrically-powered turret 
carrying a useful 47-mm 
gun. (RAC Tank Museum) 


Auto-Mitrailleuse de Combat 35 
(Renault Type ACG1) 
(France) 


Type: light (cavalry) tank 
Crew: 3 

Combat weight: 14,500 kg (31,966 Ib) 
Dimensions: length overall 5.57 m (14.9 ft); width 
2.235 m (7.33 ft); height 2.335 m (7.66 ft) 
Armament system: one 47-mm gun and one 
7.5-mm (0.295-in) machine-gun 

Armour: between 14 and 20mm (0.55 and 
1.575 in) 
Powerplant: 
petrol engine 
Performance: speed, road 40 km/h (24.9 mph); 
range, road 160km (99 miles); gradient 60%; 
vertical obstacle 0.6 m (1.97 ft); trench 1.825 m 
(6.99 ft) 


опе 134.2kW (180-hp) Renault 


capable two-man turret. The armour varied 
from a minimum of 14 mm (0.55 in) to a max- 
imum of 25 mm (0.98 in) , and the provision of 
more than double the power in the form of à 
180-hp (134-kW) Renault petrol engine produc- 
ed good performance, including a maximum 
speed of 40 km/h (24.9 mph), despite a com- 
bat weight of 14,500 kg (31,967 Ib). The stan- 
dard armament was a short-barrel 47-mm gun 
and 7.5-in (0.295-in) coaxial machine-gun, but 
some French tanks were fitted with a long- 
barrel 25-mm anti-tank gun plus coaxial 
machine-gun, while the Belgians fitted their 
version with a locally-designed turret carrying 
a 47-mm gun and 13.2-mm (0.52-in) coaxial 
machine-gun 

The last cavalry tank category was the char 
de cavalerie, essentially a subdivision of the 
AMC category to encompass the cavalry's 
most potent light tanks. The three Hotchkiss 
tanks already described (the H-35, H-38 and 
H-39) were important vehicles in this category, 
but the best was clearly the S-35 produced by 
the Société de'Outillage Mécanique et 
d'Usinage d'Artillerie (SOMUA). This was the 
world's first tank with all-cast hull and turret 
construction, and arguably one of the ablest 
armoured fighting vehicles of its day anywhere 
in the world. The hull comprised three large 
castings to a maximum thickness of 41 mm 
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(1.61 in), that comprising the lower hull 
accommodating on its interior the engine, 
gearbox, power train, radiators, fuel tanks, 
ammunition racks, batteries etc, and on its ex- 
terior the suspension, springs, wheels and 
rollers. Onto this were attached the rear upper 
casting over the powerplant, and the forward 
upper casting including the turret ring. All 
three sections were bolted together, and this 
was the S-35's weakest point, as the impact of 
the high-velocity projectile on a join line could 
shatter the bolts and cause the vehicle to fall 
apart. 

The suspension comprised 18 road wheels 
(nine on each side, in the form of four twin 
units and one singleton) with combined coil 
and semi-elliptical leaf springs. The whole 
assembly was protected by skirt armour. 

The turret was an electrically-traversed unit 
with a maximum thickness of 56 mm (2.2 in), 
and was identical with the turret used by the 
Char B1-bis and Char D2: the main armament 
was the 47-mm SA 35 gun with an elevation 
arc between -18° and + 18°, firing armour- 
piercing and HE projectiles with a muzzle velo- 
city of 670 m (2,198 ft) per second, and the 
Secondary armament comprised a 7.5-mm 
(0.295-in) coaxial machine-gun in an unusual 
mounting that allowed a total of 20? traverse 
{10° left and right) independently of the turret; 


there was also provision for mounting a se- 
cond 7.5-mm (0.295-in) machine-gun on the 
commander's cupola for anti-aircraft defence. 

With a crew of three, the S-35 had a combat 
weight of 20,050 kg (44,202 Ib). The engine 


Char SOMUA S-35 
(France) 


Type: medium tank 

Crew: 3 

Combat weight: 20,050 kg (44,202 Ib) 
Dimensions: length overall 5.38 m (17.65 ft); 
width 2.12 m (6.96 ft); height overall 263m 
(8.63 ft) 

Armament system: one 47-mm SA 35 L/34 rifled 
gun with 18 rounds and one 7.5-mm (0.295-in) 
Reibel coaxial machine-gun with 3,000 rounds; 
the turret was manually operated, the main gun 
was stabilized in neither elevation (—18° to 
+ 18°) nor azimuth (360°), and simple optical 
sights were fitted 

Armour: cast steel varying in thickness between 
20 and 56 mm (0.79 and 2.2 in) 

Powerplant: one 141.7-«W (190-hp SOMUA 
petrol engine with 410 litres (90.2 Imp. gal.) of 
fuel 

Performance: speed, road 40 km/h (24.9 mph); 
range, road 260 km (162 miles); fording 1.0m 
(3.28 ft); gradient 65%; vertical obstacle 0.75 m 
(2.46 ft); trench 213m  (6.99ft; ground 
clearance 0.42 m (16.5 in) 


Somua $35 
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UA 5-35 had a 
ny tighting 
nent with large 
t hatches, and a 
aversed turret 
parate 
der’s cupola 


was a 190-hp (142-kW) SOMUA petrol engine, 
and this made possible a maximum speed of 
37 km/h. (23 mph) and the useful range of 
260 km (162 miles). In 1940 an improved ver- 
sion, the S-40 with modified suspension and a 
220-hp (164-kW) engine, began to enter pro- 
duction. Total manufacture comprised about 
500 S-35s and just a few S-40s. 

Of the countries which were to become the 
Allied powers of the Second World War, that 
making the greatest strides in the develop- 
ment of armoured fighting vehicles in the inter- 
war period was without doubt the USSR. As in 
other countries, ideas for armoured fighting 
vehicles abounded in the years before and 
during the First World War, considerable 
numbers of armoured cars being placed in ser- 
vice and some development towards genuine 
tanks being undertaken, as supplies were re- 
ceived of British and French tanks. But the first 
tanks were not produced until after the war, by 
which time revolution had replaced Tsarist 
Russia with the Soviet state. The Reds were 
impressed with the capabilities of tanks and 
avidly seized those left by the departing 
‘interventionist’ Allied forces. The Renault FT 
suited the Reds’ requirements admirably, and 
in 1919 they ordered an FT clone into in- 
digenous production as the Krasno-Sormova 
(KS), which was identical to the FT in exterior 


— E 


detail, but featured an American gearbox and 
45-hp (33.6-kW) Fiat engine. Production was 
limited by lack of Soviet industrial capacity, 
and this also affected the Reds’ thinking 
towards the development of other tanks. How- 
ever, the Soviet authorities readily agreed to 
the establishment, in direct violation of the 
4919 Treaty of Versailles, of a secret German 
tank centre at Kazan in the USSR, and thereby 
kept abreast of German developments. Com- 
bined with overt purchases of the best of 
foreign tanks, this allowed the Soviets to keep 
their tactical and technical thinking fully ap- 
prised of modern developments, without the 
risks and costs of an indigenous tank pro- 
gramme. Some wholly-Soviet design was also 
attempted, but nothing came of this effort 
before the Central Armoured Force Command 
was dissolved in the early 1920s and further 
design entrusted to the War Department Tank 
Bureau created in 1923. 

From the KS the Soviets evolved the Maliy 
Soprovozhdieniya (MS, or small support tank) 
series, which was very similar to the French 
NC 1 (NC27) and the first Soviet tank to enter 
production, to the extent of 960 examples. The 
first version was the MS-1, produced between 
1928 and 1931, and placed in service as the 
T-18. This resembled the KS, but had a com- 
pletely new suspension and a more compact 
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installation for the transversely mounted 35-hp 
(26.1-kW) petrol engine. Weight declined from 
the 7,000 kg (15,432 Ib) of the KS series to 
5,500 kg (12,125 Ib), and subsequent models 
were the MS-2 with detail improvements and 
an uprated engine, and finally the MS-3 with a 
40-hp (29.8-kW) engine and a redesigned hull 
front to provide a full-width glacis. The KS and 
MS series allowed the Red Army to develop its 
concept of armoured warfare during the 
1920s, and this was not seriously affected by 
the failure of a proposed medium tank devel- 
opment, the T-12 tested in 1930 and found to 
lack the required mechanical reliability. 

The consolidation of the Soviet state con- 
tinued steadily during the 1920s, allowing the 
promulgation in 1929 of the wide-ranging First 
Five-Year Plan. This included the notion of 
mechanizing the Red Army, and also of deve- 
loping tanks in all categories now deemed 
essential for a modern army. The plan called 
for each division to have a supporting group of 
tanks, and the MS series was thought to be an 
adequate basis for the first generation. These 
vehicles included the T-17 one-man tankette, 
the T-19 and T-20 two-man light tanks, the T-21 
two-man light tank, the T-23 two-man tankette, 
the T-24 three-man medium tank and the TG 
five-man heavy tank. All were failures for a 
variety of reasons, lack of mechanical reliabili- 
ty proving the single most significant factor. 
The TG heavy tank was of notably advanced 
concept with low silhouette, armament of one 
75-mm (2.95-in) gun and four machine-guns, 
and a 300-hp (224-kW) petrol engine sufficient 
to drive this 25,400-kg (55,996- Ib) machine at 
а maximum road speed of 40 km/h (24.9 mph). 

That the Soviets had appreciated the possi- 
bie failure of this programme is given cre- 
dence by the contemporary purchase of much 
of Vickers-Armstrongs' tank range, including 
Carden-Loyd tankettes, Six-Ton Light Tanks, 
Medium Tank Mk 115, Carden-Loyd A4E11 am- 
phibious tanks and tractors. A thorough 
technical and tactical analysis of these 
vehicles provided the Soviets with the starting 
point for a new generation of designs based on 
sound principles rather than the assumptions 
of the First World War. Just as significantly, 
however, several of these British tanks were 
passed to the Germans for evaluation at 


Kazan, and it is not surprising, therefore, that 
Carden-Loyd and Vickers-Armstrongs features 
appeared in several German tank designs of 
the early 1930s. It is also worth noting that at 
this time the Soviets were astute enough to in- 
vestigate tank developments of other sorts, in 
1930 buying licences for German BMW 
engines and the US Christie suspension. 
Evaluation of these tanks and associated 
components was completed at the beginning 
of 1931, and the decision was made to cancel 
production of the T-19 to T-24 series, in favour 
of the Six-Ton Light Tank as the T-26 light tank, 
the Carden-Loyd Mk VI as the T-27 tankette, 
and the Carden-Loyd A4E11 as the T-37 and 
improved T-38 light amphibious tanks. All were 
produced in large numbers and several steadi- 
ly improving variants, providing the Soviets 
with a first-rate introduction to modern design, 
manufacturing and operating principles. The 


T-24 
(USSR) 


Type: medium tank 

Crew: 5 

Combat weight: 18,800 kg (41,446 Ib) 
Dimensions: length overall 6.55 m (21.50 ft) and 
hull 645m (21.16 ft); width 3.00 m (9.85 ft); 
height 2.80 m (9.20 ft) 

Armament system: one 45-mm gun with 45 
rounds and four 7.62-mm (0.3-in) machine-guns 
with 3,000 rounds 

Armour. between 8 and 20mm (0.315 and 
0.79 in) 

Powerplant: one 186kW (250-hp) М-5 petrol 
engine with 95 litres (20.9 Imp. gal.) of fuel 
Performance: speed, road 22 km/h (13.7 mph); 
range, road 70km (43.5 miles); fording 0.7 m 
(2.3 ft); vertical obstacle 0.66 m (2.18 ft); trench 
2.5 m (82 ft); ground clearance 0.73 m (24 in) 


Medium Tank T-24 
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The Soviet T-26 series of 
light tanks was essentially 
the Vickers Six-Ton Light 
Tank built under licence 
in the USSR and then 
developed in T-26A and 
T-26B strains with twin or 
single turrets respectively 
This is the T-26B-2(V) 
command tank, a variant 
of the T-26B-2 with a 
larger proportion of 
welding in its construction 
than the mostly riveted 
T-26B-1. The frame aerial 
for the radio is missing 
from the turret. (RAC 
Tank Museum) 


T-26A-2 Model 1931 
(USSR) 


Type: light tank 

Crew: 3 

Combat weight: 7,125 kg (15,708 Ib) 
Dimensions: length overall 4.80 т (15.76 ft); 
width 2.40 m (7.85 ft); height 2.06 m (6.75 ft) 
Armament system: two 7.62-mm (0.3:n) 
machine-guns 

Armour: between 6 and 15 mm (0.24 and 0.59 in) 
Powerplant: one 67-kW (90-hp) GAZ T-26 petrol 
engine with 180 litres (40 Imp. gal.) of fuel 
Performance: speed, road 35 km/h (21.75 mph); 
range, road 140 km (87 miles); fording 0.87 m 
(2.85 ft) without preparation; gradient 32°; ver- 
tical obstacle 0.73 m (2.4 ft); trench 1.8 m (5.9 ft); 
ground clearance 0.365 m (14.4 in) 


T-26 Model 1931 


Christie M1931 (T-3) medium tank was also ac- 
cepted for production as the BT-1, the first 
variant of the BT (Bistrokhodny Tank, or fast 
tank) series, though the Soviets were mindful 
that this was clearly not a tank well suited to 
operational use: modest production was 
undertaken, however, to provide Soviet des- 
igners with a data base of experience with the 
Christie suspension, which unlike the com- 
plete Christie tank was clearly well suited to 
the nature and extent of the theatres likely to 
be forced on the Soviets in any future war. 
Hand in hand with these moves the Soviets 
developed their production capacity, during 
the 1930s commissioning additional factories 
so that by the end of the decade there were 
about 30 specialist tank-building factories that 
had built perhaps 10,000 tanks of all types in 
the previous 10 years. One of the major efforts 
was concerned with the evolution of the BT-1 
firstly into an effective fighting machine as the 
primary equipment of long-range tank forces 
designed to operate in the enemy's rear areas, 
and secondly into the starting point of a new 
generation of medium tanks with excellent 
cross-country capability and a very high turn 
of speed across country as well as on roads. 
The initial three-man BT-1 was modelled 
very closely on the Christie original, with 
riveted construction of armour varying in thick- 
ness between 6 and 13 mm (0.24 and 0.51 in), 
a turret accommodating two 7.62-mm (0.3-in) 
machine-guns, the ability to run on its tracks or 
on its large rubber-tyred road wheels, and a 
343/400-hp (256/298-kW) Liberty aero engine 
to provide this 10,350-kg (22,817-Ib) vehicle 
with a very respectable maximum cross- 
country speed of 63 km/h (39.1 mph) on its 
tracks, rising to an extraordinary road speed of 
110 km/h (68.4 mph) on its wheels. From the 
BT-1 was developed the BT-2, which was 
basically similar to its predecessor in all res- 
pects but armament, which comprised a 
turret-mounted 37-mm M1930 anti-tank gun 
and secondary 7.62-mm (0.3-in) machine-gun, 
increasing combat weight to 11,175kg 
(24,636 Ib). Further development produced 
the BT-3 with solid rather than spoked road 
wheels, and main armament increased to a 
45-mm anti-tank gun. A variant of the BT-3 was 
produced in prototype form as the BT-4 with 
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T-26TU Model 1933 
(USSR) 


Type: light command tank 

Crew: 3 

Combat weight: 10,060 kg (22,178 Ib) 
Dimensions: length overall 4.80 m (15.76 ft); 
width 2.40 m (7.85 ft); height 2.42 m (7.95 ft) 
Armament system: one 45-mm gun with 92 
rounds and one 7.62-mm (0.3-in) DT machine-gun 
with 3,000 rounds 

Armour: between 6 and 15 mm (0.24 and 0.59 in) 
Powerplant: one 67.1-KW (90-hp) GAZ T-26 
petrol engine with 285 litres (63 Imp. gal.) of fuel 
Performance: speed, road 28 km/h (17.4 mph); 
range, road 225 km (140 miles); fording 0.87 m 
(2.85 ft) without preparation; gradient 32*; ver- 
tical obstacle 0.73 m (2.4 ft); trench 1.8 m (5.9 ft); 
ground clearance 0.36 m (14 in) 


T-37 
(USSR) 


Type: amphibious light tank 

Crew: 2 

Combat weight: 3,225 kg (7,110 Ib) 

Dimensions: length overall 375m (12.30 ft); 
width 2.00 m (6.56 ft); height 1.68 m (5.50 ft) 
Armament system: one 7.62-mm (0.3-п) DT 
machine-gun with 2,520 rounds 

Armour: between 4 and 9.5 mm (0.16 and 0.37 in) 
Powerplant: one 29.8-W (40-hp) GAZ (Ford) AA 
petrol engine with 110 litres (24.2 Imp. gal.) of 
fuel 

Performance: speed, road 35 km/h (21.75 mph) 
and water 4 km5h (2.5 mph); range, road 185 km 
(115 miles); fording amphibious; gradient 40°; 
vertical obstacle 0.5m (1.64 ft); trench 1.6m 
(5.25 ft); ground clearance 0.3 m (11.8 in) 


BT-2 
(USSR) 


Type: fast medium tank 

Crew: 3 

Combat weight: 11,175 kg (24,636 Ib) 
Dimensions: length. overall 5.52m (18.11 ft); 
width 2.23 m (7.33 ft); height 2.20 m (7.22 ft) 
Armament system: one 37-mm gun with 96 
rounds and one 7.62-mm (0.3-in) DT machine-gun 
with 2,709 rounds 

Armour: between 6 and 13 mm (0.24 and 0.51 in) 
Powerplant: one 256-kW (343-hp) Liberty petrol 
engine with 400 litres (88 Imp. gal.) of fuel 
Performance: speed, road 64 km/h (39.8 mph) on 
tracks and 111 km/h (69 mph) on wheels; range, 
road 300km (186 miles) on wheels; fording 
1.21 m (3.97 ft); gradient 40*; vertical obstacle. 
0.2 m (B in) on wheels and 0.76 m (29.9 in) on 
tracks; trench 2.1 m (6.9 ft); ground clearance 
0.27 m (10.6 in) on tracks 


Amphibious Tank T-37 


the twin-turret armament arrangement of the 
T-26A series, the left-hand turret accom- 
modating one 7.62-mm (0.3-in) machine-gun 
and the right-hand turret carrying a 27-mm 
gun. 

These early variants paved the way for the 
first large-scale production model, the 1935 
BT-5, with the same three-man crew but feat- 
uring a 350-hp (261-kW) M-5 petrol engine (the 
"sovietized' version of the Liberty) and a larger 
turret for one 45-mm L/46 anti-tank gun and a 
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The BT series was one of 
the most successful 
applications of the 
Christie design 
philosophy, this BT-7 
variant of the Soviets’ 
most important medium 
tank family of the 1930s 
being a BT-7-1 (V) 
command tank. It is seen 
here with its tracks 
removed from road 
running, and without its 
radio's frame aerial, 
which would fit into the 
sockets visible on the 
turret sides and rear. 
(RAC Tank Museum) 


Type: fast medium tank 
Crew: 3 

Combat weight: 11,685 kg (25,761 Ib) 
Dimensions: length overall 5.52 m (18.11 ft); 
width 2.23 m (7.33 ft); height 2.21 m (7.25 ft) 
Armament system: one 45-mm gun with 72 
rounds and one 7.62-mm (0.3-in) DT machine-gun 
with 2,394 rounds 

Armour: between 6 and 13 mm (0.24 and 0.51 in) 
Powerplant: one 261-kW (350-һр) M-5 petrol 
engine with 400 litres (88 Imp. gal.) of fuel 
Performance: speed, road 65 km/h (40.4 mph) on 
tracks and 111 km/h (69 mph) on wheels; range, 
road 300 km (186 miles) on wheels; fording 1.2 m 
(3.94 ft); gradient 40°; vertical obstacle 0.2m 
(8 in) on wheels and 0.76 m (29.8 in) on tracks; 
trench 2.7 m (8.85 ft); ground clearance 0.23 m 
(9 in) on wheels and 0.27 m (10.6 in) on tracks 


7.62-mm (0.3-in) coaxial machine-gun. This 
model also introduced the type of radio anten- 
na that became standard on Soviet tanks until 
after the Second World War: running round the 
turret on short supports, this served secon- 
darily as a hand rail for the infantry often car- 
ried into action on Soviet tanks. A close sup- 
port version was developed in 1938 as the 
BT-5A with a 76.2-mm (3-in) L/16.5 howitzer in 
place of the 45-mm gun. The BT-5 was also 
developed in flamethrower and command ver- 
Sions, the former with the OT-130 flame gun 
and the latter with superior radio equipment. 
With the BT-5 the Soviets knew they had the 
makings of a highly effective machine, and fur- 
ther development yielded the BT-7 with tac- 
tically advantageous features such as welded 
construction, an uprated engine, a more flexi- 
ble gearbox, greater fuel capacity, thicker ar- 
mour and enhanced armament. Power was 
provided by a 450-hp (336-kW) development of 
the Liberty with 790 litres (174 Imp. gal.) of fuel 
for a range of 500 km (311 miles) rather than 
the 400 litres (88 Imp. gal.) of earlier models for 
a range of 300 km (187 miles). Protection was 
improved by fitting the hull front with 22 mm 
(0.87 in) of armour in place of the earlier 
models’ 13 mm (0.51 in): this increased weight 
to 14,000kg (30,864 Ib) from the BT-5's 
11,685 kg (25,761 Ib), and thereby contributed 
to a certain loss of outright performance in 
terms of speed, which declined to 53 and 
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73.5 km/h (32.9 and 45.6 mph) across country 
and on roads respectively. The original BT-7-1 a S | $2 —— 
retained the conical turret of the BT-5 with its A ke pes 
45-mm L/46 anti-tank gun, though the secon- m J 
dary armament was boosted from a single Q ОН 2 
7.62-mm (0.3-in) coaxial machine-gun to a pair o =| 
of these weapons in the form of the coaxial E c] = 


gun and, in most tanks, a similar gun in the 
rear of the turret. There was also a command 
version of the BT-7 in the form of the BT-7-1V. 

The BT-7-1 was soon supplanted by the 
definitive BT-7-2 with a conical turret offering 
superior ballistic protection. The armament re- 
mained unaltered in the basic gun tank, though 
there was also a BT-7A close support version 
armed with a 76.2-mm (3-in) L/16.5 howitzer. 
The gun tank had stowage for between 132 
and 146 main armament rounds or between 
172 and 188 main armament rounds with or 
without radio, and the comparable figures for 
the close support version were 40 or 50 
founds. 


BT-7-2 
(USSR) 


Type: fast medium tank 

Crew: 3 

Combat weight: 14,000 kg (30,864 Ib) 
Dimensions: length overall 5.68 т (18.64 ft); 
width 2.43m (7.97 ft); height overall 1.93m 
(6.33 ft) 

Armament system: one 45-mm M1935 L/46 rifled 
gun with 188 rounds (reduced to 146 rounds 
when a radio was installed), two 7.62-mm (0.3-in) 
DT machine-guns (one coaxial and one bow) with 
2,394 rounds; the turret was manually operated, 
the main gun was stabilized in neither elevation 
4—4* to + 45°) nor azimuth (360°), and simple 
Optical sights were fitted 

Armour: riveted and welded steel varying in 
Thickness between 6 and 22mm (0.24 and 
0.87 in) 

Powerplant: one 335.5-kW (450-hp) M-17T petrol 
‘engine with 790 litres (173.8 Imp. gal.) of fuel 
Performance: speed, road 73.4 km/h (45.6 mph) 
“оп wheels; range, road 500 km (311 miles) on 
wheels; fording 1.2 m (3.98 ft); gradient 63%; 
Vertical obstacle 0.2 т (0.66 ft) on wheels and 
076 m (2.5 ft) on tracks; trench 1.85 m (6.07 ft); 
‘round clearance 0.27 m (10.6 in) on wheels and 
©З m (1.0 ft) on tracks 


BT-7 Model 1937 


Limited production was undertaken of the 
BT-7M (otherwise known as the BT-8) with the 
hull redesigned to accommodate a 500-hp 
(373-00) diesel, a full-width glacis plate and 
the turret of the T-28 tank with its 76.2-mm 
(3-in) L/26 gun and two 7.62-mm (0.3-in) 
machine-guns. Weighing 14,900 kg (32,848 Ib), 
the BT-7M had 790 litres (174 Imp. gal.) of fuel 
for a range of 700 km (435 miles). The final 
development of the BT series was the BT-IS of 
1936. This appeared only in prototype form, 
and was essentially the BT-7M with sloping 
Side armour in addition to the full-width sloping 
glacis plate, and also featured removable skirt 
armour over the upper portion of the running 
gear. Though the type did not enter service, it 
was of great importance in Soviet tank 
development, as it paved the way for the next 
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generation of highly mobile and well-protected 
Soviet medium tanks with considerably 
greater gun power. 

The BT series derived wholly from the 
Christie concept, and was paralleled by a 
Soviet medium tank family of heavier con- 
struction with specific features adopted from a 
variety of foreign sources. Whereas the BT 
series had been designed for exploitation of 
any breakthrough, the heavier type of medium 
tank was designed to co-operate with heavy 
tanks in the creation of the breakthrough. 
Development of this vehicle was entrusted to a 
team at the Kirov factory in Leningrad, and the 
team's starting point was the British A6E1, 
whose details the Soviets discovered through 
espionage rather than outright purchase, as 
the British tank was still secret when the 
Soviet specification was issued in 1931. This 
specification was difficult to fulfil, calling for a 
five-man tank armed with one 45-mm gun and 
one 7.62-mm (0.3-in) coaxial machine-gun in 
the main turret, plus one 7.62-mm (0.3-in) 
machine-gun in each of the two subsidiary tur- 
rets, armour between 20 and 30 mm (0.79 and 
1.18 in) thick, and a maximum speed of 
60 km/h (37.3 mph) on a 500-hp (373-kW) pe- 
trol engine. Based on the Vickers-Armstrongs 
type of vertical springing for 12 small road 
wheels on each side, the first prototype was 
completed in 1932, and weighed 17,575 kg 
(38,746 Ib). Trials confirmed that the vehicle 
was basically satisfactory, but the Red Army 
called for heavier protection and armament, 
the latter to include a 76.2-mm (3-in) low- 
velocity main gun. The redesigned tank was 
accepted in August 1933 for service as the 
Т-28, which featured a frame antenna for the 


radio when fitted, smoke emitters and, in late 
vehicles, a gun stabilization system that cor- 
siderably improved the accuracy of fire fror 
the main gun when the tank was moving. Т! 
last was a singularly advanced developmen 
that presaged a main stream of future 
development. 

The 7-28 proved reliable and quiet in opera- 
tion, despite the installation of a 500-hc 
(373-kW) M-17L engine. Just as importantly for 
the breakthrough role, the tank could climb 2 
1.05-m (3.44-ft) obstacle and cross a 2.9-m 
(9.5-ft) gap. The type began to enter service in 
1934 as the T-28, with a 76.2-mm (3-in) L/16.5 
main gun and three 7.62-mm (0.3-in) machine- 
guns located as one coaxial weapon and one 
in each of the two subsidiary turrets placed 


T-28 | 
(USSR) 


Type: medium tank 
Crew: 6 

Combat weight: 28,960 kg (63,845 Ib) 
Dimensions: length overall 7.40 m (24.28 ft); 
width 2.80 m (9.19 ft); height 2.82 m (9.25 ft) 
Armament system: one 76.2-mm (3-in) gun with 
70 rounds, one 47-mm gun with 35 rounds or one 
7.62-mm (0.3-in) DT machine-gun in the sub- 
sidiary turret, and two 7.62-mm (0.3in) DT 
machine-guns with 7,938 rounds 

Armour: between 11 and 40mm (0.43 and 
1.575 in) 

Powerplant: one 373-kW (500-hp) M-17L petrol 
engine with 650 litres (143 Imp. gal.) of fuel 
Performance: speed, road 37 km/h (23 mph); 
range, road 220 km (137 miles); fording 0.8 m 
(2.62 ft) without preparation; gradient 42°; ver- 
tical obstacle 0.95m (3.12 ft); trench 2.7m 
(8.85 ft); ground clearance 0.54 m (21.25 in) 


T-28 
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forward and to each side of the main turret. 
The armour ranged in thickness from a min- 
imum of 10 mm (0.39 in) to a maximum of 
30 mm (1.18 in), and at a weight of 28,960 kg 
(63,845 Ib) the T-28 had a maximum speed of 
37 km/h (23 mph), well below requirement but 
still an impressive figure for so substantial a 
tank. The basic model was improved as the 
T-28A with a weight of 31,500 kg (69,444 Ib) 
with thicker armour in key points, and the right- 
hand subsidiary turret modified to take a 
47-mm anti-tank gun in place of the machine- 


SS 


gun. Further evolution continued during the 
mid-1930s, and in 1938 the tank was revised 
as the T-28B, sometimes known as the T-28M 
this had detail modifications, such as a turret 
basket and driver's visors, but the most impor- 
tant tactical development was the use of the 
L10 L/26 gun in place of the original L/16.5 
weapon 

The T-28 was blooded against the Japanese 
in 1939 and the Finns in 1939-40, proving to be 
too thinly armoured to sustain hits by modern 
anti-tank weapons. The Soviets therefore pro- 


Inspired by British and 
German multi-turret tanks, 
the Soviets’ T-28 medium 
tank featured a high rear 
‘superstructure, a central 
turret accommodating a 
76.2-mm (3-in) low- 
velocity gun, and two 
forward turrets flanking the 
main turret and each fitted 
with one machine-gun 
This is a 1938 variant, the 
T-28(V) command tank 
fitted with radio and a 
frame aerial round the 
turret sides and rear 


Complementing the 7-23. 
medium tank, the Soviets’ 
T-35 heavy tank was 
again of the multi-turret 
type, but in this instance 
with four subsidiary 
turrets grouped round the 
central turret and its low- 
velocity 76.2-mm (3-in) 
gun: two of these featured 
37-mm high-velocity guns, 
and the other two 
7.62-mm (0.3-in) machine- 
guns for local defence. 
(RAC Tank Museum) 
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duced the T-28C with much improved armour: 
the front of the turret and hull were increased 
inthickness from 50 to 80 mm (1.97 to 3.15 in), 
and of the turret sides and rear to a maximum 
of 40 mm (1.575 in) through the addition of 
'screen' plates. This increased combat weight 
to 32,000 kg (70,547 Ib), but had little effect on 
performance. Protection was judged to be ex- 
cellent, however, and the T-28C was decisive 
in the Soviets' eventual defeat of the Finns in 
April 1940, with the breakthrough of the Man- 
nerheim Line's fixed defences. The basic 
chassis was also developed as a bridgelayer, 
flamethrower, mineclearer and hull for various 
types of self-propelled artillery, but perhaps 
the most important variant was the T-29-5, pro- 
duced in 1934 as a prototype with Christie 
track/wheel suspension to constitute, with the 
BT-IS, a development link towards the classic 
T-34, discussed in a later chapter. 


T-32 
(USSR) 


Type: heavy tank 

Crew: 10 

Combat weight: 45,520 kg (100,353 Ib) 
Dimensions: length overall 9.30 m (30.51 ft); 
width 3.20 m (10.50 ft); height 3.05 m (10.00 ft) 
Armament system: one 76.2-mm (3-in) gun with 
96 rounds, two 37-mm guns with 220 rounds and 
Six 7.62-mm (0.3-in) DT machine-guns with 8,230 
rounds 

Armour: between 11 and 25 mm (0.43 and 1 in) 
Powerplant: one 257-KW (345-hp) M-17L petrol 
engine with 590 litres (130 Imp. gal.) of fuel 
Performance: speed, road 20 km/h (12.4 mph); 
range, road 150km (93 miles); fording 1.2m 
(8.95 ft) without preparation; gradient 40°; ver- 
tical obstacle 1.2m (3.94 ft); trench 46m 
(15.1 ft); ground clearance 0.53 m (21 in) 


While the Soviets directed their energies 
mainly towards the creation of a substantial ar- 
moured force based initially on light and then 
medium tanks, they were conscious all along 
in the 1920s that there was a place for the 
heavy tank once industry was capable of pro- 
ducing such a weapon to the right quality anc 
in sufficient numbers. In 1930 the Red Army 
finalized its plans for a heavily armoured tank 
with powerful armament in multiple turrets. 
the object being to provide breakthrough 
forces with a potent shock weapon. Though 
developed on the conceptual basis of the 
British A1 Independent heavy tank, the res- 
ulting T-32 was evolved from the design of the 
TG to complement the T-28. The T-32 was bas- 
ed on armour varying in thickness from a 
minimum of 11 mm (0.43 in) to a maximum of 
25 mm (0.98 in), and at an overall length of 
9.3 m (30.5 ft) turned the scales at a combat 
weight of 45,500 kg (100,309 Ib), complete 
with its crew of 10 and maximum ammunition 
for its diverse armament: this comprised a 
central turret accommodating one 76.2-mm 
(3-in) L/16.5 gun plus 96 rounds, right-hand for- 
ward and left-hand rear secondary turrets 
each accommodating one 37-mm gun plus 
110 rounds, and left-hand forward and right- 
hand rear tertiary turrets each accom- 
modating one 7.62-mm (0.3-in) machine-gun. 
Each of the main turrets was fitted with a coax- 
ial machine-gun, and a sixth machine-gun was 
located in the bow; the machine-gun ammuni- 
tion totalled 8,230 rounds. The T-32 was 
powered by a 345-hp (257-kW) M-17L engine 
for a maximum speed of 29 km/h (18 mph), 
while the 590-litre (130-Imp. gal.) fuel capac- 
ity provided a range of only 150 km (93 
miles). But this was perhaps more than ade- 
quate for such a tank, which could also 
climb a 1.2-m (3.94-ft) obstacle and cross а 
4.6-m (15.1-ft) gap. 

Comparatively few T-32s were built, greater 
emphasis being placed on the T-35 with 
superior capabilities. The initial T-35A, some- 
times known as the T-35-1, had a longer L/24 
main gun, two 45-mm secondary guns and five 
machine-guns, the last with 10,000 rounds. Ar- 
mour thickness was improved by 5 mm (0.2 in) 
on the hull front, and this 45,725-kg 
(100,805-Ib) monster was driven by the more 
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powerful 500-hp (373-kW) M-17T engine so 
that performance would not be degraded. The. 
1-35 also differed from the T-32 in its road 
wheels, numbering eight medium-sized units 
оп each side of the T-35 to the six larger 
wheels on each side of the T-32. Total produc- 
tion was only about 30 machines, later ex- 
amples being of a variant generally known as 
the T-35B but alternatively as the T-35-2. This 
was generally fitted with radio, but its most im- 
portant advantage over the T-35A was its con- 
siderably thicker armour: the maximum turret 
thickness was 35 mm (1.38 іп) rather than 
20 mm (0.79 in), and the hull sides and front 
were all increased by 5 mm (0.2 in). The last 
vehicles had welded conical rather than 
riveted slab-sided turrets, and in service some 
of the turrets were removed to save weight 
and so increase mobility. 

The ultimate heavy tanks of Soviet design 
before the Second World War were two quite 
extraordinary designs, the T-100 and SMK 
(Sergius Mironovich Kirov) of 1938, which 
were both developed as possible successors 
to the T-35. Each type was powered by a 
400-hp (298-kW) petrol engine, the 56,900-kg 
4125,441-lb) T-100 achieving a maximum 
speed of 30km/h (18.7mph) and the 
45,725-kg (100,805-Ib) SMK a slightly faster 
32 km/h (19.9 mph). Both tanks were moder- 
ately well armoured, with minimum and max- 
imum thicknesses of 30 and 60 mm (1.18 and 
2.36 in) respectively, and were of multi-turret 
‘concept with the main turret on a tall barbette 
to provide superfiring capability over the 
Secondary turret. In each case the 360° trav- 


T-35 
(USSR) 


Type: heavy tank 
Crew: 11 when all turrets were installed and 
manned 

Combat weight: 50,000 kg (110,229 Ib) with all 
turrets installed 

Dimensions: length overall 9.72 m (31.89 ft); 
width 3.20 m (10.50 ft); height 3.43 m (11.25 ft) 
Armament system: one 76.2-mm (3-in) gun with 
96 rounds, two 45-mm guns with 220 rounds, and 
up to seven 7.62-mm (0.3-in) machine-guns (six 
DTs and one P-40) with 10,000 rounds 

Armour. between 11 and 35mm (0.43 and 
1.88 in) 

Powerplant: one 373-KW (500-hp) M-17T petrol 
engine with 590 litres (130 Imp. gal.) of fuel 
Performance: speed, road 30 km/h (18.6 mph); 
range, road 150 km (93 miles); fording 1.2 m 
(3.95 ft) without preparation; gradient 20°: ver- 
tical obstacle 1.2m (3.94 ft); trench 35m 
(11.5 ft); ground clearance 0.53 m (21 in) 


erse main turret was armed with a 76.2-mm 
(3-in) L/24 gun and the 300° traverse sub- 
sidiary turret with a 45-mm gun, while the ter- 
tiary armament comprised three 7.62-mm 
(0.3-in) machine-guns. The six-man T-100 was 
no less than 3.25 m (10.66 ft) and the seven- 
man SMK 3.2 m (10.5 ft) high, both therefore 
being so tall that they were tactically unwieldy 
and highly visible. Both types were evaluated 
operationally in the Russo-Finnish War of 
1939-40, and proved disastrously vulnerable 
to artillery fire. 

The T-35 series saw service in the Second 
World War, but was unsuccessful because of 
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its multi-turreted design and comparatively 
thin armour in so lengthy a machine. The 
Soviets saw the continued virtues of a heavy 
tank for breakthrough tasks, but also ap- 
preciated that a single-turret design offered far 
greater promise. The result was the powerful 
KV discussed in a later chapter. 

Like the USSR, the USA ended the First 
World War with no indigenous tank in produc- 
tion, and its small armoured forces equipped 
with British and French tanks. But again like 
the USSR, the American industrial machine 
proved capable of developing useful armoured 
fighting vehicles, though not in numbers as 
great as its Soviet counterpart. The Soviets 
started from a small industrial base and suc- 
ceeded, by a combination of sensible design 
and monolithic effort, in producing a large ar- 
moured force. The Americans started from an 
altogether larger and more sophisticated in- 
dustrial base but were almost totally stymied 
by lack of financial support and by the basic 
‘isolationist antipathy of the administrations 
that controlled the US forces. 

The vast production orders that had been 
placed with US manufacturers in the First 
World War were cancelled after the Armistice 
as the enormously expanded US forces were 
cut back towards their pre-war norms. An ear- 
ly casualty of this retrenchment was the US 
Army’s Tank Corps, which was disbanded in 
1920. Tanks thereupon became the respon- 
sibility of the infantry, whose main asset in the 
armoured field was a force of 100 Tank Mk 
Vills. Some development work was continued, 
but it was the establishment in 1922 of a Tank 
Board that allowed constructive work to 
resume. The board was tasked with the defini- 
tion of American tank policy, within the overall 
context of infantry-dominated war. The board 
therefore called for the development of two 
primary types: an 11,200-Ib (5,080-kg) light 
tank suitable for truck transport in long- 
distance movements, and a medium tank arm- 
ed with a 37-mm gun and a 0.3-in (7.62-mm) 
machine-gun, capable of a maximum speed of 
12 mph (19.3 km/h), but limited in maximum 
weight by the 15-ton capacity of the army's 
bridging equipment. This latter limitation at a 
Stroke rendered obsolete the various medium 
tanks being developed in prototype form (see 


below), though prototype testing was con- 
tinued for technical reasons. Between 1922 
and 1926 several medium tank designs were 
evolved, for construction and evaluation bet- 
ween 1926 and 1931, while the light tank no- 
tion was dropped in 1926 as the army felt the 
single type would satisfy all its tactical re- 
quirements. American tank developments can 
be divided into two main design streams (one 
stemming from official design authorities and 
the other from private enterprise in the form of 
J. Walter Christie and the Marmon-Herrington 
company) in the standard light and medium 
categories: the USA produced no heavy tanks 
in the period up to 1940, its first such vehicle 
being the Heavy Tank M6, which was designed 
in 1940 and is discussed in a later chapter. 

As the US Army could not afford to produce 
substantial numbers of tanks, its efforts were 
sensibly devoted to maintaining a cadre tank 
force that could be used to explore the tactical 
organization and applications of armour, and 
the evolution of tank designs to keep the US 
tank force up to the technical level reached by 
other advanced nations. Within this latter re- 
quirement the army was careful to demand 
tank designs that were capable of mass pro- 
duction by the USA's heavy machinery in- 
dustry, should the world situation deteriorate 
to a position such that rapid rearmament was 
desirable: this was a particularly important 
factor, that paid handsome dividends in the 
mid- and late 1930s. 

In purely numerical terms, the most impor- 
tant US tank at the end of the First World War 
was the Renault FT. It was planned that Amer- 
ican industry should supply these vehicles, 
after the delivery of pattern vehicles from 
France, but this proved too optimistic a plan 
and the American Expeditionary Forces serv- 
ing on the Western Front used French- 
supplied examples. Production finally got 
under way in the USA, though the orders for 
4,400 vehicles were curtailed to an eventual 
total of 950 tanks, designated Six-Ton Tank 
M1917. These were very similar to the FT in 
overall appearance, but had been completely 
re-engineered to suit American production 
practices. The type was powered by a 42-hp 
(31.3-kW) Buda engine with a self-starter, and 
had a revised turret able to accommodate 
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her a 0.3-in (7.62-mm) machine-gun or a 
mm gun. The M1917 served the US tank 
arm well, right through the 1930s, and from 
1829 was updated as the M1917A1 with a 
100-hp (74.6-kW) Franklin air-cooled engine in 
place of the original water-cooled unit, which 
had never proved entirely satisfactory. The 
new engine increased maximum speed from 
5.5 to 10 mph (8.9 to 16.1 km/h), to the great 
pleasure of the newly-created Mechanized 
Force, but further development was halted by 
the Chief of Industry, who rightly appreciated 
that scarce resources would be better applied 
to the development of new vehicles than to the 
updating of a design already 15 years old. In 
the event only seven M1917A1 light tanks 
were delivered. 

Already under development by J. Cunn- 
ingham Sons and Co. on the basis of a design 
by the US Ordnance Department, the Light 
Tank T1 was a 15,000-Ib (6,804-kg) machine 
with a crew of two and a turret fitted with one 
S7-mm gun and one 0.3-in (7.62-mm) coaxial 
machine-gun. Power was provided by a front- 
mounted 105-hp (78.3-kW) Cunningham en- 
gine for a maximum speed of 20 mph 
(32.2 km/h), and the armour varied from a 
minimum of 0.25 in (6.35 mm) to a maximum 
of 0.375 in (9.53 mm). Development continued 
into the mid-1930s, the final variant being the 
19,900-Ib (9,027-kg) T1EG with its 240-hp 
(179-kW) La France engine, for the same max- 
imum speed despite the greater weight of the 
thicker armour; the armament remained 
unaltered from that of the original T1. Though 
production of the T1E1 variant was planned 
with the designation Light Tank M1, the series 
Фа not enter production, but proved significant 
in the evolution of later designs, starting with 
the Light Tank T2 based in the T1E4. 

Design of this more advanced machine 
began in 1933, and the construction of T2E1 
and T2E2 prototypes was undertaken by the 
Rock Island Arsenal in 1934. The suspension 
was of the Vickers-Armstrongs pattern with ar- 
ticulating two-wheel bogies and leaf springs, 
and the design produced a trim four-man 
machine with a comparatively high super- 
Structure to support the cylindrical turret arm- 
ed with one 0.5-in (12.7-mm) and one 0.3-in 
(7.62-mm) machine-gun. Power was provided 


by а 260-hp (194-kW) Continental radial, 
modified from a standard aircraft engine, and 
this was to become a common practice in light 
and medium tanks of US design. Trials con- 
firmed the overall suitability of the type, which 
was produced in very small numbers as the 
Light Tank M2A1 and Light Tank M2A2: the 
former introduced volute springing, and at a 
weight of 18,790 Ib (8,523 kg) could reach 
45 mph (72.4 km/h), while the latter had paired 
machine-gun turrets. The M2A2 went through 
a large series of experimental developments, 
including different petrol and diesel power- 
plants, thicker armour and modified turrets. 
In 1938 there appeared the M2A3, and in 
1939 the M2A4. Amongst several detail modi- 
fications, the former featured a longer 
wheelbase, with repositioned bogies, while the 
latter resembled the M2A3 in all respects but 
the armament: the M2A4 was fitted with a 
Single turret and one 37-mm gun (plus two 
0.2-in/7.62-mm machine-guns in side spon- 
sons), instead of the previous pair of machine- 
gun turrets. The maximum armour thickness 
was increased to 1 in (25.4 mm), and the tank 
weighed 23,000 Ib (10,432 kg), allowing a road 
speed ої 34 mph (54.7 km/h) on а 250-hp 
(186-KW) Continental radial. The M2A4 was 
produced to the extent of 375 examples, and 
became the mainstay of the US Army's expan- 
ding armoured force in 1940 and 1941. The 


The first light tank 


developed in the USA was 


the Light Tank T1, a 
development type 
designed to a maximum 
weight of 5 tons and the 
ability to be moved over 
strategic distance by 


truck. The 105-hp (78-kW) 
engine was located in the 
box projecting forward of 


the tracks. (RAC Tank 
Museum) 
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Standardized in 1939. 
after development at the 
Rock Island Arsenal, the 
M2A4 was the final 
version of the M2 light 
tank series to enter US 
Service, and was similar 
1o the preceding M2A3 
apart from having a single 
turret armed with a 
37-mm gun rather than 
twin turrets each fitted 
with one 0.3-in (7.62-mm) 
machine-gun. Further 
evolution led to the 
classic M3 series. (RAC 
Tank Museum) 


M2A4 was thus the first wholly-American tank 
to enter large-scale production, and though 
overshadowed by later light tanks, was in fact 
used operationally by the Americans at the 
beginning of the war against Japan; some 
were also supplied to the UK for training. The 
type was, at best, obsolescent at the beginning 
of the Second World War, but proved useful 
against the Japanese as they lacked an anti- 
tank gun able to defeat its armour, which was 
considerably thicker than the norm accepted 
for light tanks elsewhere. 

The same basic vehicle was used by the US 
cavalry as the Combat Car M1, a deliberately 
misleading designation adopted to circumvent 
the 1920 law that allocated tanks exclusively 
to the infantry. The decision to develop a 
cavalry scouting vehicle came in 1932, when 
General Douglas MacArthur became the US 
Army chief-of-staff and launched a pro- 
gramme to turn the US Army into a fully 
mechanized force. As early as 1929 the 
cavalry had decided in favour of increased 
mechanization, and had in the short term turn- 
ed to Christie (see below), whose Medium 
Tank T3 was ordered for evaluation as the 
Combat Car T1. The Christie type of suspen- 
Sion was used in the following Combat Cars T2 
to T4, but the first production vehicle for the 


cavalry was the Combat Car M1, developed 
from the Combat Car TS, itself a modified T2E 
with a barbette superstructure, to the T5E2 
which was placed in production as the Combat 
Car M1 with a turret accommodating two 
machine-guns. In 1940 the type was redesig- 
nated Light Tank M1A2. The Combat Car M1A1 
was fitted with revised transmission, radio and 
a turret offset to the right, and the Combat Car 
M2 was basically similar, though fitted with an 
improved turret and a 250-hp (186-kW) Guiber- 
son T-1020 diesel; in 1940 the M2 was redesig- 
nated the Light Tank M1A1. This completed 
the mainstream of US light tank development 
in the period between the world wars. The next 
offering was to be the Light Tank M3, known to 
the British as the General Stuart and nicknam- 
ed 'Honey': this was developed in the late 
1930s and standardized for the still-neutral US 
Army in 1940, but is discussed below in 
Chapter Five, together with other light tanks of 
the Second World War period. 

American development of medium tanks 
was initially dominated by a lateral extension 
of the recommendations expressed in 1918 by 
the Caliber Board, otherwise known as the 
Westervelt Board and established to make 
proposals about the development of the US 
Army's artillery. The board recommended the 
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creation of a new medium tank that would sup- 
plant both the French FT (M1917) and the 


British Mk VIII International. Under the 
auspices of the Chief of the Tank Corps, the 
designers set to work on a new four/five-man 
tank weighing no more than 40,000 Ib 
(18,144 kg), carrying a 57- or 76-mm main gun, 
provided with protection sufficient to halt a 
O.5-in (12.7-mm) armour-piercing bullet at 
short range, and able to cross a 9-ft (2.74-m) 
trench. 

The result was the Medium Tank M1921, 
otherwise known as the Medium Tank A. This 
was powered by a 250-hp (186-kW) Murray 
and Tregurtha marine engine, and at a weight 
of 41,000 Ib (18,598 kg) could reach 10 mph 
(16.1 km/h). The armament system comprised 
@ main turret with a 57-mm gun and 0.3-in 
(7.62-mm) coaxial machine-gun, and a 
Superimposed turret with a second 0.3-in 
(7.62-mm) machine-gun. This all-riveted ma- 
chine was obsolete even as it appeared, and 
gave way to the Medium Tank M1922, which 
appeared from the Rock Island Arsenal in 
1923 with features of the M1921 but also with 
the flexible track/cable suspension of the 
British Medium Tank Mk D on a lengthened 
hull shape that was considerably higher at the 
back than at the front, with the object of pro- 
viding greater traction as the vehicle climbed 
out of trenches. The armament and power- 
plant were identical with those of the M1921, 
but speed was increased to 15 трһ 
(24.1 km/h), despite an increase in all-up 
weight to 49,500 Ib (22,453 kg). 


The M1921 and M1922 were clearly suit- 
able only for trial work, so in 1924 the Ord- 
nance Department designed the Medium Tank 
T1, which was built at the Rock Island Arsenal 
in 1925. This was essentially an improved ver- 
sion of the M1921 with a 200-hp (149-kW) 
Packard petrol engine for a speed of 14 mph 
(22.5 km/h), and was standardized in 1928 as 
the Medium Tank M1. Production plans were 
then scrapped, and the T1 was used for trials 
with features such as better ventilation and the 
338-hp (252-kW) Liberty engine. 

The same basic engine was used, in 312-hp 
(233-kW) form, as the engine of the Medium 
Tank T2, built by Cunningham within the con- 
straints of the army's bridging equipment. The 
type emerged with armour varying in thick- 
ness between 0.25 and 1in (6.35 and 
25.4 mm), a crew of four, a maximum speed of 
25 mph (40.2 km/h), and armament compris- 
ing one 47-mm gun and one 0.5-in (12.7-mm) 
coaxial machine-gun in the turret, and one 
37-mm gun and one 0.3-in (7.62-mm) machine- 
gun in the bow. The T2 was produced in pro- 
totype form only, but exemplifies many of the 
trends in US armour design, most notably the 
good protection, the mixed armament with tur- 
ret and hull guns of fairly large size, and a high 
power-to-weight ratio for good performance 
under adverse conditions. 

The US Army's first production medium 
tank was therefore the Medium Tank M2, 
which was standardized in June 1939 on the 
basis of the Medium Tank T5 Phase IIl evalua- 
tion model. The T5 series first appeared in 


The Medium Tank T1 was 
evolved from the Medium 
Tank M1921, and after 
trials in 1928 was 
recommended for 
standardization as the 
Medium Tank M1 
Approval was granted but 
then withdrawn. (RAC 
Tank Museum) 
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Clearly inspired by the 
Vickers Medium Tank 
series, the American T2 
medium tank was built 
down to a weight limit of 
15 tons. The type is seen 
here without its 47-mm 
turret gun. (RAC Tank 
Museum) 
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1938 from the Rock Island Arsenal in succes- 
Sion to the Medium Tanks T3 and T4 inspired 
by the Christie M1928 (see below). The T5 was 
designed to use as many components of the 
Light Tank M2 as possible, and was fitted with 
vertical volute suspension and a 250-hp 
(186-kW) Continental radial engine. Oddly 
enough, the T5 was developed with armour on 
a 1-in (25.4-mm) basis, which was less than 
that of contemporary US Army light tanks, and 
the concept of the vehicle was still infantry 
support: this resulted in a main armament of 
one turret-mounted 37-mm gun, but no fewer 
than six 0.3-in (7.62-mm) machine-guns 
located in a high barbette that formed the 
structural base for the turret. With a crew of 
five, the T5 weighed 30,000 Ib (13,608 kg) and 
possessed a maximum speed of 20 mph 
(32.2 km/h). The US Army was now conscious 
of the impending war in Europe and wished to 
explore its options in the development of 
medium tanks, so the T5 was developed in a 
number of alternative forms before production 
was ordered. Thus the T5E1 had twin 37-mm 
guns, and the T5E2 had a 75-mm (2.95-in) pack 
howitzer on the right of the vehicle front, while 
the T5 Phase Ill pilot model of the M2 had 
wider tracks, and greater power in the form of 
a 346-hp (258-kW) Wright radial. 

Production started in June 1939, the initial 
model being the Medium Tank M2 with a 
350-hp (261-kW) Wright engine for a speed of 


26 mph (41.8 km/h) at a weight of 38,000 It 
(17,237 kg), a crew of six, and an armamen: 
comprising one 37-mm gun and no fewer thar 
eight 0.3-in (7.62-mm) machine-guns. The M2 
was superseded in production during 1940 by 
the M2A1 with 1.25-in (31.75-mm) armour and 
а supercharged 400-hp (298-kW) Wright 
engine for a speed of 30 mph (48.3 km/h) 
despite a weight increase of 46,000 lb 
(20,865 kg). By this time, however, the first 
lessons of the new armoured warfare in 
Europe were reaching the USA, and the ob- 
solescence of the M2 series was plainly evi- 
dent, leading to plans for more ambitious 
vehicles, that matured as the M3 and M4. 

One of the great names in tank design is J 
Walter Christie, an American who came to 
tanks via the Wheel-and-Track 8-in Gun Motor 
Carriage during the First World War. An in- 
novative thinker with many sound technical 
capabilities, Christie firmly appreciated that 
while the tanks of the period might be suited to 
the particular conditions of trench warfare, by 
being matched to this peculiar set of cir- 
cumstances they were prohibited from any 
utility in the prophetic breakthrough tactics 
developed and so eloquently expounded in the 
1920s by Fuller and Liddell Hart. Christie was 
convinced that the future of the tank lay in far- 
ranging operations, by modestly protected 
tanks with the suspension and power-to- 
weight ratio for high-speed mobility over 
adverse terrain. 

As a first step, this far-sighted man design- 
ed the Christie Medium Tank M1919, the 
USA's first tank of post-First World War con- 
cept. The vehicle was built by the Front Drive 
Motor Company, and was planned round & 
chassis suitable for use as a tank or as & 
cross-country truck. The boxlike hull accom- 
modated the driver in a compartment at the 
front, the payload (fighting compartment or 
freight, depending on variant) in the centre, 
and the powerplant and transmission com- 
partment at the rear. Tested as a tank, the 
M1919 had a large circular turret some 5 ft 
(1.52 m) in diameter and fitted with a 57-mm 
gun; on top of this main turret was an indepen- 
dent dome-shaped sub-turret fitted with а 
0.3-in (7.62-mm) machine-gun. Both turrets 
could be traversed through 360°, and were 
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manned by the second and third crew mem- 
bers. Protective armour varied in thickness 
from 0.25 to 1 in (6.35 to 25.4 m), and power 
was provided by a 120-hp (89.5-kW) Christie 
engine to provide this 27,000-Ib (12,247-kg) 
vehicle with a maximum speed of 7 mph 
(11.25 km/h). Evidence of what was to come 
from Christie was provided by the running 
gear. As a cross-country vehicle, the machine 
ranon twin tracks: on each side these ran over 
large front and rear rubber-tyred wheels, as 
well as a centrally-placed unit with two coil- 
sprung road wheels, and a single return roller. 
For road running the tracks were removed and 
Stowed on the hull sides, the two central road 
wheels were raised, and the vehicle moved on 
its front and rear wheels like an ordinary 
wheeled vehicle. 

The M1919 was revised as the Christie 
Medium Tank M1921, with a crew of four anda 
rearrangement of the forward compartments 
to locate the two-man fighting compartment at 
the front with the driver and commander in a 
separate compartment in the centre of the 
vehicle. The 57-mm main gun was installed in 
а ball mounting in the front plate, with two 
0.3-in (7.62-mm) coaxial machine-guns, and 
the armour was thinned to a maximum of 
0.75 in (19 mm). The effect of this major revi- 
Sion was a far lower silhouette, the M1921 hav- 
ing an overall height of 7.08ft (2.16 m), 
compared with the M1919's 8.75 ft (2.67 m): 


Medium Tank M2A1 
(USA) 


Type: medium tank 
Crew. 6 

Combat weight: 51,520 Ib (23,369 kg) 
Dimensions: length overall 17.83ft (5.44 m); 
width 8.75 ft (2.67 т); height 9.50 ft (2.90 m) 
Armament system: one 37-mm gun with 200 
rounds and eight 0.34п (7.62-mm) Browning 
machine-guns with 12,250 rounds 

Armour. 32 mm (1.25 in) maximum 

Powerplant: one 350-hp (261-kW) Continental 
R-985 petrol engine with 136 US gal. (515 litres) 
of fuel 

Performance: speed, road 30 mph (48.3 km/h); 
range, road 130 miles (209 кт); fording 3.5 ft 
(1.07 my; 

gradient 60%; vertical obstacle 2.0 ft (0.61 m): 
trench 7.6 ft (2.32 m); ground clearance 17 in 
(0.43 m) 


Featuring considerable 
commonality of parts with 
the M2 light tank series, 
the M2 medium tank 
offered greater protection 
at the expense of 
performance. This is an 
M2A1 with a 
supercharged rather than 
normally aspirated radial 
engine, and an armament 
comprising one turret- 
mounted 37-mm gun and 
eight 0.3-in (7.62-mm) 
machine-guns. The crew 
required was six, and 
when it was standardized 
in 1940 it was clearly 
obsolete by comparison 
with the Germans’ 
PzKpfw Ill and IV medium 
tanks. (RAC Tank 
Museum) 
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first tank designed 
built in the USA after 
First World War, the 
stie M1919 medium 
k has wheel-or-track 
ining gear, road 
eration requiring the 
emoval of the tracks and 
the raising of the central 
pair of wheels. (RAC Tank 
Museum) 


Farright The Christie 
Model 1931 was typical of 
the designer's needle- 
nosed track-or-wheel 
tanks, and was evaluated 
as the Medium Tank T3. 
This vehicle is seen 
without its tracks, which 
would normally be stowed 
on the shelf-like 
projections along the 
sides of the hull rear, and 
also lacks its cylindrical 
turret carrying a 37-mm 
gun and coaxial machine- 
gun.(/WM) 
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the tactical penalty to be paid was a less effec- 
tive armament with far smaller fields of fire. 
The suspension was revised slightly to allow 
the installation of larger road wheels, but the 
M1919's track or wheel capability was retain- 
ed. The same engine was used, but the sus- 
pension revisions allowed a maximum speed 
of 15 mph (24.1 km/h), despite a slightly higher 
weight 

These were experimental vehicles, and 
some time elapsed before the advent of 
the next machine, the Christie M1928 built 
by the US Wheel and Track Layer Corporation 
The M1928 was a turretless vehicle designed 
to validate the new type of Christie suspension 
designed to allow the vehicle to run at high 
speed on roads without its tracks (carried on 
shelves on the hull sides), and at a lower but 
Still very high speed across country with its 
tracks. The key to this performance was the 
first version of the definitive Christie suspen- 
sion with four large road wheels on each side, 
each mounted on an arm connected to a long 
and adjustable spring located inside the hull 
side. This development vehicle was arranged 
as a tank (with the driver at the front in a 
characteristic pointed nose section, fighting 
compartment in the centre and the powerplant 
at the rear) and weighed 17,200 Ib (7,802 kg). 
Power. was provided by a 338-hp (252-kW) 
Liberty engine, and the M1928 achieved the 


prodigious speeds of 70 mph (112.7 km/h) on 
its wheels and 42 mph (67.6 km/h) on its 
tracks. The effect of this prototype and its 
trials was enormous, leading to considerable 
revision of many nations' thinking about tank 
mobility in the 1930s. By far the most impor- 
tant consequence was the Soviets' purchase 
of two such vehicles as the precursor of the BT 
series and thus of the superb T-34 and its 
descendants. 

The M1928 formed the basis of the Christie 
M1931, which was fitted with a 360° traverse 
turret accommodating one 37-mm gun and 
one 0.3-in (7.62-mm) coaxial machine-gun 
The installation of a turret and thicker armour 


Christie Model 1928 
(USA) 


Type: medium tank prototype 

Crew: 3 

Combat weight: 17,200 Ib (7,802 kg) 
Dimensions: length overall 17.00 ft (5.18 m); 
width 7.00 ft (2.13 m); height 6.00 ft (1.83 m) 
Armament system: only dummies were fitted, 
comprising one bow gun and one pedestal- 
mounted machine-gun 

Armour: 12.7 mm (0.5 in) 

Powerplant: one 338-hp (252-KW) Liberty petrol 
engine with 89 US gal. (337 litres) of fuel 
Performance: speed, road 42 mph (67.6 km/h) on 
tracks and 70 mph (112.7 km/h) on wheels 
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increased weight to 22,000 Ib (9,979 kg), and err 
with other modifications to make the type | Christie M1928 аа 
кабе for production and service use, this === 

reduced maximum wheel and track speeds to 
46 and 27 mph (74 and 43.5 km/h) respective- 
ly. Considerable evaluation of the type was L- 
undertaken by the infantry and cavalry, which К 
designated the vehicle Medium Tank T3 and 
Combat Car T1 respectively. Christie and the 
US Army eventually fell out with each other, 
and subsequent development of the basic idea 
was pursued by the Ordnance Department as 
the Medium Tank T4 for the infantry and as the 
Combat Cars T4 and T7 for the cavalry: a con- 
siderable official effort was made, and the type 
was built in modest development batches, but 
failed to enter full-scale production. Christie 
persevered with his private-venture designs 
right into the 1940s, but these failed to attract 
production orders. These included the M1932, 
ihe extraordinary M1932 Flying Tank with 
detachable biplane wings and boom-mounted 
empennage/propeller unit, the M1935, the 
M1936, the M1937, the M1938 and M1942. 
These took the Christie suspension to its limits 
in terms of high-speed movement across 
country, but were not viable as the starting 
points for service tanks, as their pneumatic 
tyres were clearly vulnerable to small arms 
fire, and the concept of a nose-mounted main 


а. n 


Christie's Model 1937 
contributed strongly to the 
development of the British 
cruiser tanks from the Mk 
Ill onwards, and was itself 
intended as the versatile 
basis for a number of 
armament options. The 
driver was seated under a 
conical cupola, the space 
behind it being left open 
for the installation of a 
barbette or light turret 
(WM) 


YCLOPAEDIA OF THE TANK 


Used as the Light Tank 
T16 for training, the 
Marmon-Herrington 
CTLS-4TA was designed 
and produced in 1941 for 
export to China and the 
Dutch East Indies with the 
three hull machine-guns 
supplemented by a fourth 
gun in a small turret 
offset to the right in the 
CTLS-4TAC with left-hand 
drive (illustrated) or to the 
left in the CTLS-TAY with 
right-hand drive. 
Production amounted to 
240 vehicles. (MARS) 


gun was increasingly o! 
though it provided lower ove 
Silhouette. 

In the period from 1939 to the entry of the. 
USA into the Second World War in 1941, a 
number of tanks were produced by Marmon- 
Herrington as commercial ventures into the 
export market, and several of these secured 
modest success. The basic configuration used 
four small road wheels: the light two-man CTL 
tanks without a turret were based on com- 
ponents from the company's tractor range, 
had leaf springs and rubber tracks with steel 
cable reinforcement, while the heavier three- 
and four-man turreted types had steel tracks 
and, in many cases, suspension modified to 
the vertical volute spring type. 

Of the other countries that fell into the orbit 
of the Allied nations in the Second World War, 
the only two that produced tanks in the period 
between the world wars were Czechoslovakia 
and Poland. The Czechs produced several ex- 
cellent designs, and as these were absorbed 
into the German army after Czechoslovakia's 
occupation in 1939, it is perhaps more rational 
to deal with them with German armour in the 
next chapter. Polish tank development was 


cent, even 
all weight and 


less ambitious, reflecting the obsolescence ої 
Poland's tactical thinking and the country's 
relative lack of industrialization when it came 
into being in 1919. Poland's forces were initial- 
ly equipped with French and ex-German ma- 
chines, and these played a useful part in the 
Russo-Polish War of 1920, which seriously 
threatened the continued existence of & 
sovereign Poland. Useful development work 
could begin only after the end of this war and 
the inevitable period of consolidation and re- 
construction that followed. In the short term. 
efforts were made to improve the reliability 
and firepower of the Renault FT. These efforts 
continued up to the end of the decade, but in 
1924 it was decided to press ahead with the 
design of a light tank and also an infantry sup- 
port/breakthrough tank. From 1925, however, 
the main effort was devoted to the WB-10 con- 
cept, which called for a vehicle with a max- 
imum weight of 12,000 kg (26,455 Ib), a main 
armament of one 47-mm gun backed by one 
heavy and one medium machine-gun, a speed 
of 25 km/h (15.5 mph) and a range of between 
200 and 250 km (124 and 155 miles). Various 
trials failed to produce a viable machine, and 
the concept was abandoned. 

In 1928 the attention of the Polish army was 
drawn (as was that of many other armies) to 
the Carden-Loyd Mk VI tankette. One example 
was bought from the UK, and this led to the 
Polish TK series. The TK.1 and TK.2 develop- 
ment models paved the way for an initial pro- 
duction model, of which 300 were built. This 
2,450-kg (5,401-Ib) TK.3 had an enclosed 
superstructure, a crew of two, and armament 
of one 7.92-mm (0.312-in) machine-gun, ar- 
mour thicknesses ranging from 3 to 8mm 
(0.12 to 0.315 in), and a maximum speed of 
45 km/h (28 mph) on the 40 hp (29.8 kW) of its 
Ford Model A petrol engine. An extraordinary 
development of the TK.3 resulted in a four- 
wheel trailer that could be pulled behind the 
tankette: when the TK.3 had to -move long 
distances on roads, the tankette was driven 
onto this wheeled chassis, its tracks were re- 
moved, and a chain drive was used to connect 
the tankette's drive sprockets to the rear 
wheels of the combined tankette/trailer, which 
was steered by the tankette driver from his 
standard driving position. Between 1936 and 
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1939 some TK.3s were upgunned with a 
20-mm cannon in the front plate, but other de- 
velopments were more far-reaching. 

The TKS of 1933 had armour between 3 and 
10 mm (0.12 and 0.39 in) thick, wider tracks, 
strengthened suspension and a Polish-built 
Fiat engine of 40 hp (29.8 kW), which drove 
the 2,650-kg (5,842-Ib) vehicle at 40 km/h 
(24.9 mph). Production of the TKS amounted 
to 390. The TKW of 1934 was developed only 
in prototype form, and had a turret accom- 
modating the commander and a single heavy 
machine-gun, with the driver located in a sep- 
arate compartment. The TKS-D of 1936 was 
another variant that again reached only pro- 
totype form, in this instance with a 27-mm 
Bofors anti-tank gun located in a semi- 
exposed position on the strengthened front 
plate. The final development of the TK.3 was 
the TKF with a 46-hp (34.3-kW) Polish-built Fiat 
engine and a combination gun mounting for 
one 7.92-mm (0.312-in) machine-gun and one 
Э-тт (0.35-in) machine-gun, the latter for the 
engagement of low-flying aircraft. 

The Poles were also impressed with the 
Vickers-Armstrongs Six-Ton Tank Mk E with 
twin turrets. This was further developed as the 


TK.3 
(Poland) 


Type: tankette 

Crew: 2 

Combat weight: 2,500 kg (5,511 Ib) 

Dimensions: length overall 2.577 m (8.455 ft); 
width 1.778 m (5.83 ft); height 1.307 m (4.29 ft) 
Armament system: one 7.92-mm (0.312n) 
machine-gun 

Armour. between 3 and 8 mm (0.12 and 0.315 in) 
Powerplant: one 40-hp (29.8-kW) Ford Model A 
petrol engine 

Performance: speed, road 45km/h (28 mph), 
range, road 200 km (124 miles); gradient 60%; 
vertical obstacle 0.43 m (1.41 ft); trench 1.22m 
(40 ft) 


Poles' considerably more capable 7 TP light 
tank with 17-mm (0.67-in) armour and a 110-hp 
(82-kW) Saurer diesel for a speed of 32 km/h 
(19.9 mph) at a weight of 9,550 kg (21,054 Ib). 
With a crew of three and an armament of two 
7.92-mm (0.312-in) machine-guns, this variant 
entered production in 1934 and was the 
world's first production tank with a diesel 
powerplant. The initial model was succeeded 
in 1937 by a revised model with a single turret 
carrying a 37-mm Bofors anti-tank gun plus 
7.92-mm (0.312-in) coaxial machine-gun. The 
latter version had armour to a maximum thick- 
ness of 15mm (0.59 in) and was clearly 
Suitable for employment only as an interim 
type, pending the arrival of the 7 TP light tank. 
Improved with a revised turret, welded armour 
to a maximum thickness of 40 mm (1.575 in), 
wider tracks, strengthened suspension and a 
weight of 11,175 kg (24,636 Ib). 

Several other Polish tanks were developed 
in the last years of peace, but none of these 
reached service use. Among these were the 
four-man 10 TP fast tank modelled on Christie 
wheel/track running gear and carrying a tur- 
reted 37-mm gun, the four-man 14 TP medium 
tank with track-only Christie running gear and 
thicker armour, the multi-turret 20/25 TP heavy 
tank, and the 4 TP small tank with its Pz.Inz. 
130 small amphibious derivative. These in- 
digenous designs showed the capabilities and 
inventiveness of the Polish designers, and 
much of significance to armoured warfare 
might have followed, had Poland not fallen foul 
of German aggression in September 1939. 


Developed in Poland 
during the late 1930s, the 
Fast Tank 10 TP used 
Christie-type track-and- 
wheel running gear, seen 
here in its wheel form 
with the two forward road 
wheels turned to the right 
for steering. (RAC Tank 
Museum) 
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Precocious Germany 


After the Armistice of 11 November 1918 the 
German army's tank force was disbanded, 
and the Treaty of Versailles of June 1919 in- 
cluded amongst its provisions a total ban on 
the development of tanks. Yet the German ar- 
my was already well established in its pro- 
gramme of intelligence-gathering about for- 
eign developments, clandestine evaluation of 
tank-capable components in Germany, and 
secret links with countries not unsympathetic 
to German liaison in the development of their 
own tank forces. In this last respect the 
Swedes were the Germans' most important 
‘allies’ in the early 1920s, when the LK.Il was 
readied for Swedish production and service as 
the Strv m/21 under the leadership of Vollmer 
and a German army team. As the 1920s pro- 
gressed, the Germans became increasingly 
involved with the Soviets, both parties thinking 
that a fair deal had been struck when the Ger- 
mans were given use of the Kazan tank school 
as an experimental and proving ground, in 
return for technical information and training 
provided to the fledgling Soviet tank arm. 

Between 1926 and 1929 the Germans broke 
the strictures of the Treaty of Versailles to pro- 
duce a number of experimental tanks. These 
were commissioned in great secrecy from ma- 
jor engineering and arms companies as a 
means of evaluating trends in the design of ar- 
moured fighting vehicles, and also of regaining 
a manufacturing capability, pending the day 
that Germany would move into the field as a 
major armoured force. 

Hand in hand with this technical and manu- 
facturing effort there was a great volume of 
theoretical thinking about the operational and 
tactical employment of armour. By a paradox 
typical of military history, the Germans were 
well served by their lack of armour in this 
period: it left them without the entrenched 
thinking and existing hardware that inevitably 
accompanies the existence of the in-service 


weapons, and opened the way for radical 
though professionally competent thought 
about the nature and employment of a future 
tank force. Coupled with a realistic analysis of 
the German army’s performance in the First 
World War, this paved the way for the adoption 
of the Blitzkrieg (lightning war) concept of 
operations, derived ultimately from the think- 
ing of Fuller and, more significantly, Liddell 
Hart towards massive breakthroughs (or ra- 
ther bypassing) of the enemy's major front-line 
assets by massed armour with substantial air 
support as the first step in fast-moving opera- 
tions into the enemy's rear areas. 

But while these tactical and operational 
concepts were still in their embryonic phases, 
the Germans were moving towards the crea- 
tion of new hardware with the Leichte Traktor 
VK31 and Grosstraktor, so designated to con- 
vey the impression of an agricultural role not 
contrary to the provisions of the Treaty of 
Versailles. Limited design work had been 
undertaken since 1921, but it was 1926 before 
definitive work was started and 1928 before 
the first of six Leichte Traktor prototypes 
(three each from Krupp and Rheinmetall) were 
delivered for trials at Kazan. The Leichte 
Traktor was a light tank built of mild steel vary- 
ing in thickness between 8 and 14 mm (0.315 
and 0.55 in) thick, and weighed about 9,650 kg 
(21,274 Ib). The type was armed salely with a 
37-mm gun in a 360? traverse turret located at 
the rear of the vehicle, and the front-mounted 
engine provided a speed of 20km/h 
(12.4 mph). In general configuration the 
Leichte Traktor was reminiscent of the British 
Medium Tank Mk Il, and though an order for 
289 was placed, this was cancelled in the light 
of subsequent developments. Details of the 
Leichte Traktor are lacking, a situation even 
more pronounced with the Grosstraktor 
series. 

The Grosstraktor series comprised separate 
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designs from Daimler-Benz (Grosstraktor |), 
Rheinmetall (Grosstraktor 11) and Krupp 
(Grosstraktor IIl), each designed to the same 
specification and built to the extent of two mild 
Steel prototypes. Each was of semi- 
rhomboidal configuration with mud chutes 
(very large on the Grosstraktor |), weighed 
about 20,000 kg (44,092 Ib) and in basic shape 
resembled the British Medium Tank III. Power- 
ed by a 300-hp (224-kW) engine, the tanks 
were each armed with one 75-mm (2.95-in) 
gun in the main turret together with three 
7.92-mm (0.312-in) machine guns, including 
one in a subsidiary turret to the rear of the 
main turret to deter infantry assaults on the 
tanks' exposed flanks and rear. The Gross- 
traktor | is believed to have possessed another 
subsidiary turret forward of the main gun and 
to have been amphibious, whilst the Gross- 
traktor II was basically similar in overall layout 
but had less advanced suspension and thus an 
inferior cross-country performance. Some 
lessons were learned from the design, con- 
Struction and evaluation of these types, but 
even the most cursory assessment convinced 
the Germans that they were obsolescent in 
basic concept. 

By the time that the various Grosstraktor 
prototypes had been evaluated, the German 
army was well advanced with its plans for re- 
armament and growth, and a new series of 
tactical tanks was already under development 


as the planned armoured force's initial mass- 
production vehicles. But in common with other 
such services, the German army still saw the 
need for a heavy tank, and appreciated the ap- 
parent armament advantages of main and 
subsidiary turrets along the lines of the British 
A1E1 Independent. This feeling was formaliz- 
ed in a January 1934 meeting to consider a 
new medium tank: the meeting decided in 
favour of a fairly large machine with a medium- 
velocity main gun of large calibre to fire HE 
shell, in support of the more numerous light 
and medium tanks equipped with high-velocity 
anti-tank guns. The consequent specification 
produced the six-man Panzer Kampfwagen 
NbFz, or Neubaufahrzeug (new construction 
vehicle), which was developed in prototype 
form as the PzKpfw NbFz A with a Krupp turret 
and as the PzKpfw NbFz B with a Rheinmetall 
turret. The Krupp, MAN and Rheinmetall com- 
panies undertook design studies for the hull, 
the successful Rheinmetall type showed some 
evidence of the concept's long-toothed pedi- 
gree in its retention of a slightly rnomboidal 
aspect in the high rise to the forward idler and 
the long downward slope of the upper track 
run's rear portion: the definitive hull was based 
closely on that of the Rheinmetall Grosstraktor 
11. Construction of all six or eight prototypes 
was of mild steel varying in thickness from 10 
to 70 mm (0.39 to 2.76 in), and the installation 
of a 500-hp (373-kW) petrol engine provided for 


The Rheinmetall 
Grosstraktor ll was 
designed to the same 
specification as the 
Daimler-Benz 
Grosstraktor | and Krupp 
Grosstraktor III as an 
experimental heavy tank 
intended to provide 
design and manufacturing 
experience rather than to 
form the basis of an 
operational tank. (RAC 
Tank Museum) 
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to provide the 
heavy tank 
t in a family 
Y encompassed 
the fw | light training 
PzKpfw II light 
nissance tank, the 
lll medium tank 
piw IV support 
PzKpfw NbFz 
ed unsuccessful. This 
is the Model A with a 
Krupp main turret 
between front and rear 
machine-gun turrets. (RAC 
Tank Museum) 
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good cross-country performance and a max- 
imum speed in the order of 35 km/h (21.5 mph) 
in combination with a suspension arrange- 
ment based on that of VK2001(Rh) prototype 
for the PzKpfw IV medium tank and consisting 
of 10 road wheels on each side: these were ar- 
ranged as five articulated twin-wheel bogies 
on sprung trailing arms for considerable ver- 
tical movement; 

The PzKpfw NbFz A concept included a 
main turret armed with one 105-mm (4.13-in) 
medium-velocity gun and one 37-mm high- 
velocity gun in a superimposed coaxial moun- 
ting, while the PzKpfw NbFz B was more 
realistically armed with one 75-mm (2.95-in) 
KwK L/24 medium-velocity gun and one 
37-mm KwK L/45 high-velocity gun in a side- 
by-side coaxial mounting at the front of an ad- 
vanced turret with low silhouette and lines that 
were moderately well sloped for ballistic pro- 
tection. Both types featured a secondary bat- 
tery comprising two turrets (identical with that 
of the PzKpfw | light tank), each armed with 
two 7.92-mm (0.312-in) machine-guns and 
located to the front right and rear left of the 
main turret. By the time the prototypes had 
been delivered, the German army had con- 
cluded that the day of the multi-turret tank was 
over, and that in any case such vehicles did 
not fit well with the new generation of medium 
tanks in service with or under development for 
the German army’s new Panzer (armoured) 
divisions. The vehicles were thus used for 


trials, and with the designations PzKpfw V 
(NbFz A) and PzKpfw VI (NbFz B) for propagan- 
da purposes in the Norwegian campaign of 
April 1940. They were then used for training, 
before being broken up in 1941 

Discussion of the NbFz has introduced 
elements of the Germans' complex system of 
military designation, and before proceeding to 
the main stream of German tank development 
in the 1930s under the driving leadership of the 
Nazi government that came to power in 
January 1933, it is useful to look at this system. 
Up to the beginning of the Spanish Civil War in 
1936, the German designation system for 
tanks under design, development and con- 
Struction included, in order of size from 
smallest to largest, the cover terms LaS (Land- 
wirtschaftlicher Schlepper, or agricultural 
tractor), Zugführerswagen, (or platoon/troop 
commander's vehicle) and BW 
(Bataillonsführerswagen, or battalion com- 
mander's vehicle). Experimental vehicles 
were designated by the letter prefix VK 
(Vollkettenkraftfahrzeug, or fully-tracked mo- 
tor vehicle) followed by a four-digit suffix in 
which the first two digits expressed the vehi- 
cle's nominal weight in tonnes, and the last 
two the prototype number in the sequence: 
thus the VK1601 was the first prototype in the 
16-tonne fully-tracked class. This VK system 
was often completed by a bracketed letter in- 
dicating the manufacturer. Once the vehicle 
had been accepted for service, it was allocat- 
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ed a service designation based on the ab- 
breviation PzKpfw (Panzer Kampfwagen, or 
armoured vehicle) followed by a roman 
number, and when it entered service it was 
also given the ordnance list designation based 
on the abbreviation SdKfz (Sonder Kraft- 
fahrzeug, or particular vehicle) followed by an 
arabic number. Variants of the basic machine 
were indicated in the cover name system by 
an arabic numeral prefixed to the name by an 
oblique stroke, in the PzKpfw system by the 
abbreviation Ausf (Aüsfuhrung, or model) 
followed by a letter or alphanumeric combina- 
tion, and less commonly in the SdKfz system 
(to indicate a major variation) by an arabic 
number separated from the main designation 
by an oblique stroke. 

It is also worth noting at this point that 
German gun calibres are properly quoted in 
centimetres, but are here translated into milli- 
metres to facilitate comparison with the tank 
guns of other countries. German tank guns 
were generally designed in the KwK series, the 
abbreviation standing for Kampfwagen 
Kanone (fighting vehicle gun) and being follow- 
ed by a two-digit number to denote year of ac- 
ceptance, or by an L/-type indication of bore 
length in calibres. 

The German army began to plan its overt 
growth to world capacity in 1932 and an ac- 
celerating implementation and indeed aug- 
mentation of this plan followed the Nazis’ rise 
to power. Plans had already been laid for the 
development of a tank force based on existing 
Prototypes, but the recommendations of men 
such as Oberst Heinz Guderian for a massive 
force of comparatively light armour used in the 
Blitzkrieg concept of fast-moving operations 
found favour with the army's political masters, 
who saw both military and propaganda value 
in a multitude of smaller vehicles that could be 
obtained for the same financial and industrial 
outlay as a considerably smaller number of 
heavier vehicles. In 1933, therefore, the Ger- 
man army started to plan a family of tactically 
interrelated armoured fighting vehicles for 
development over the next few years. 
However, the need to train large numbers of 
tank crews and support personnel, and also to 
develop the appropriate tactical doctrines 
through practical training, coincided with 


political demands that Germany must be seen 
to be developing a tank force: the result was a 
requirement for a nominal 5-tonne light tank 
with a crew of two and an armament of two 
turret-mounted 7.92-mm (0.312-in) MG13 
machine-guns. Designs were commissioned 
from Daimler-Benz, Henschel, Krupp, MAN 
and Rheinmetall for a light tank weighing bet- 
ween 4,000 and 7,000kg (8,818 and 
15,432 Ib), the Krupp LKA | design (with 
features of the Carden-Loyd Mk VI tankette in 
its running gear being accepted) and construc- 
tion by Henschel of three LaS prototypes 
beginning in December 1933. The first mild 
steel prototype was running in February 1934, 
and after successful prototype trials an initial 
production contract for 150 vehicles was plac- 
ed in July 1934, later contracts raising the total 
to about 1,800. Of this number about 300 were 
of the initial PzKpfw | Ausf A (Sdkfz 101) model 
with four road wheels, and the remainder of 
the more powerfully engined PzKpfw | Ausf B. 
(SdKfz 101) variant with five road wheels. The 
Ausf A was powered by а 60-hp (44.75-kW) 
Krupp M 305 engine for a speed of 37 km/h 
(23 mph), while the 0.43-m (1.4-ft) longer Ausf 
В had the 100-hp (74.6-kW) Maybach NL 38 TR 


By comparison with the 
Ausf А, the PzKpfw | Ausf 
B was slightly longer and 
had five rather than four 
wheels on each side. The 
armament remained 
unaltered at two turret- 
mounted 7.92-mm 
(0.312-in) machine-guns 
(Bundesarchiv) 
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PzKpfw I Ausf B (SdKfz 101) 
(Germany) 


Type:light tank 
Crew: 2 
Combat weight: 5,900 kg (13,007 Ib) | 
Dimensions: length overall 4.44 m (14.58 1); 
width 2.08 m (6.83 ft); height 1.73 m (5.67 ft) 
Armament system: two 7.92mm (0.312-in) 
machine-guns with 3,125 rounds 

Powerplant: one 74.6-kW (100-hp) Maybach NL 
38 TR petrol engine with 145 litres (31.9 Imp. gal.) 
of fuel 

Performance: speed, road 40 km/h (24.9 mph); 
range, road 145 km (90 miles); gradient 58%; 
vertical obstacle 0.355 m (1.16 ft); trench 1.4 m 


4.6 ft 
(4.6 ft) | 


The PzKpfw | light tank 
was designed mainly as a 
training vehicle for 
Germany's emergent 
armoured force, and also 
served to build tank 
production experience in 
German industry. This is 
an example of the first 
production variant, the 
PzKpfw | Aust A with four 
rather than five road 
wheels as fitted on the 
Pzkpfw | Aust B. (RAC 
Tank Museum) 


engine for a speed of 40 km/h (24.9 mph). The 
PzKpfw | was the main vehicle used by 
the German tank force up to the beginning of 
the Second World War, and was largely in- 
strumental for the high quality of German tank 
tactics, maintenance and overall capability at 
the beginning of that war. The type was also 
used operationally in the Spanish Civil War 
(1936-39), achieving much, but also confirm- 
ing the tactical limitations imposed by the 
two-man crew and armament of only two 
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machine-guns. The armour varied from 7 to 
13 mm (0.28 to 0.51 in) in thickness, and this 
too was confirmed as too thin for genuine 
operational capability. Variants of the PzKpfw | 
included the SdKfz 265 three-man command 
vehicle with thicker frontal armour, a fixed tur- 
ret and only one machine-gun; an explosive 
demolition vehicle; a flamethrower vehicle; 
and most interestingly of all, the VK601 pro- 
totype for the proposed PzKpfw | Ausf C recon- 
naissance and airborne variant, with armour 
increased to minimum and maximum 
thicknesses of 10 and 30 mm (0.39 and 
1.18 in), a revised turret accommodating one 
20-mm cannon and a 7.92-mm (0.312-in) coax- 
ial machine-gun, a 150-hp (112-kW) engine, 
and a running gear arrangement based on five 
large-diameter interleaved road wheels for a 
speed of 65 km/h (40.4 mph). Nothing came of 
this project, and as the total obsolescence of 
the design led to the PzKpfw I's retirement 
from front-line roles from 1941, some chassis 
were then converted to other roles. In general, 
however, the small size and light weight of the 
chassis made it difficult to instal heavier arma- 
ment, even on exposed limited-traverse 
mountings. 

In 1934 it became clear that the German 
army's definitive PzKpfw III battle and PzKpfw 
IV medium tanks would take longer to develop 
than anticipated, and it was decided to pro- 
duce another interim type to succeed the 
PzKpfw | and offer superior operational qualit- 
ies through an increase in crew to three and of 
nominal weight to 10 tonnes. Designs and pro- 
totypes were tendered by Henschel, Krupp 
and MAN, that eventually selected for devel- 
opment as the LaS 100 being the MAN design 
with a 130-hp (96.9-kW) engine to provide a 
maximum speed of 40 km/h (24.9 mph) with 
armour to a maximum thickness of 14.5 mm 
(0.57 in) and a turret-mounted armament of 
one 20-mm KwK 30 cannon and one 7.92-mm 
(0.312-in) MG13 coaxial machine-gun. Basical- 
ly similar prototype series were produced as 
the LaS 100 a1 and LaS 100 a2 (25 vehicles 
each, alternatively designated PzKpfw Il Ausf 
a1 and PzKpfw 11 Ausf a2) with six road wheels 
on each side in paired bogies with an equaliz- 
ing beam, before the arrival in 1936 of the pre- 
production LaS 100 a3 (PzKpfw II Ausf a3) and 


improved PzKpfw 11 Ausf b with 30-mm 
(1.18in) armour and a 140-hp (104-kW) 
Maybach HL 62 TR engine. Extensive trials 
were continued in this period, together with 
operational trials in the Spanish Civil War, and 
this resulted in the 1937 arrival of the PzKpfw II 
Ausf c with a full-width superstructure, a revis- 
ed turret and completely remodelled suspen- 
sion based on five larger-diameter road 
wheels with independent elliptical springing. 

This led to the first service model, the 
7,305-kg (16,104-Ib) PzKpfw II Ausf A (SdKfz 
121) with improved protective features but 
otherwise similar to the Ausf C. The PzKpfw II 
Ausf B introduced a slightly more powerful 
engine and revised tracks, while the PzKpfw II 
Ausf C was very similar but had thicker frontal 
armour for a weight of 9,500 kg (20,944 Ib). 
Full-scale deliveries began in 1937, and such 
was the pace of production that 1,000 PzKpfw 
Ils were available for the Polish campaign that 
started the Second World War. The type was 
clearly as good as any light tank in the world in 
the late 1930s, but by the beginning of the 
1940s the position was changing. Thus when 
the PzKpfw II was used in the Western cam- 
paigns of May and June 1940, it proved itself to 
retain an admirable reconnaissance capabili- 
ty, but was a liability when it was forced to 
fight: even the frontal armour was too thin to 
stop the British 2-pdr (40-mm) shot, and the 
KwK 30 cannon projectile could not penetrate 
the armour of British and French medium 
tanks. 

Development of the basic machine was still 
continuing, however, and in 1939 Daimler- 
Benz produced the PzKpfw 11 Ausf D and 
PzKpfw II Ausf E variants with revised running 
gear: this was on the Christie pattern, with four 
large road wheels using torsion bar rather than 
vertical springing, and allowed an increase in 
maximum speed to 55 km/h (34.2 mph) under 
good conditions. But cross-country perform- 
ance was inferior to that of the Ausf A to Ausf C 
variants, and in 1940 most surviving vehicles 
were taken in hand for conversion to other 
roles: 95 became flamethrower tanks with the 
designation Flammpanzer || (SdKfz 122), and 
the rest were used for self-propelled artillery 
chassis. The main stream of development 
therefore evolved from the Ausf C, resulting in 
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Panzerkampfwagen II Ausf C (SdKfz 
121) 
(Germany) 


Type: light tank 

Crew: 3 

Combat weight: 9,650 kg (21,274 Ib) 
Dimensions: length overall 4.64 т (15.22 ft); 
width 2.24 т (7.35 ft); height overall 1.98 т 
(6.50 ft) 

Armament system: one 20-mm KwK 30 or KwK 
38 L/97 gun with 180 rounds and one 7.92-mm 
(0.312-in) MG34 coaxial machine-gun with bet- 
ween 1,425 and 2,250 rounds; the turret was 
manually operated, the main gun was stabilized 
in neither elevation ( — 9.5? to + 20°) nor azimuth 
(360°), and simple optical sights were fitted 
Armour: welded steel varying in thickness bet- 
ween 10 and 30 mm (0.39 and 1.18 in) 
Powerplant: one 96.9-kW (130-hp) Maybach HL 
62 TR petrol engine with 200 litres (44 Imp. gal.) 
of fuel 

Performance: speed, road 40 km/h (24.9 mph); 
range, road 190 km (118 miles); fording 0.92 m 
(8.02 ft); gradient 50%; vertical obstacle 0.43 m 
(1.41 ft); trench 1.7 m (5.58 ft); ground clearance 
0.345 m (13.6 in) 


the 1940 introduction of the PzKpfw Il Ausf F 
with solid conical-hubbed rear idlers in place 
of the previous open spoked type, and frontal 
armour increased to a maximum of 35 mm 
(1.38 in) by the addition of spaced appliqué 
plates to defeat the hollow-charge anti-tank 
warhead that was becoming increasingly 
lethal to battlefield tanks. Further evolution of 
the same basic theme resulted in the PzKpfw II 
Ausf G and PzKpfw II Ausf J variants with a 
stowage box on the turret bustle and other 
detail modifications. Production of the PzKpfw 
Il series continued into 1941, but in that year 
the start of the war against the USSR display- 
ed beyond doubt that the type was obsolete. A 
planned development with a 300-hp (224-kW) 
Maybach HL-P engine for a speed of 65 km/h 
(40.4 mph), 30 mm (1.18 in) of armour and the 
higher-velocity KwK 38 20-mm cannon was 
therefore cancelled, and from 1942 the 
PzKpfw 11 disappeared from front-line service 
in its original role. Surplus chassis were exten- 
sively reworked for other roles. The final devel- 
opment of the basic vehicle was the PzKpfw 11 
Ausf L Luchs (lynx), developed as the SdKfz 
123 fast reconnaissance machine. This was 
derived from the VK1303 experimental model, 
itself produced after experience with the 


PzKpfw 1 AusfC (SdKfz 121) -———— 
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heavily-protected VK1601, upgunned VK1602 
and high-speed VK901 prototypes. The Ausf L 
used the Christie-type running gear and the 
Ausf D had spaced armour, a 180-hp (134-kW) 
engine for a speed of 60 km/h (37.3 mph) and a 
main armament of one KwK 38 20-mm cannon 
in the first 100 examples, and one KwK 39 
50-mm gun in the last 31 examples. 

With hindsight, it is easy to criticize the 
PzKpfw | and PzKpfw Il as inadequate for their 
roles in the Second World War. However, this 
conveniently omits the fact that the two were 
developed as interim types, and were never in- 
tended for full-blown war operations, being 
forced into them only by the limitations of the 
German production system that failed to de- 
liver adequate numbers of the PzKpfw III battle 
tank and PzKpfw IV medium tank in time for a 
war that was originally planned to begin in 
1942 but it was brought back to 1939 by Hitler's 
ambitions. When one makes allowances for 
this factor, the PzKpfw | and PzKpfw Il emerge 
in a truer light as the important machines they 
were in the development of the German ar- 
moured force. 

By 1935 the German designers and in- 
dustrialists had gained sufficient experience 
with the PzKpfw | and PzKpfw II light tanks to 


embark with a realistic hope of success upon 
the first of Germany's definitive battle tanks, 
the five-man PzKpfw III with a nominal weight 
of 15 tonnes. The German army's plan at this 
time was to field a force based on two main 
types, one a battle tank with a high-velocity 
anti-tank gun backed by machine-guns, and 
the other a medium tank with a medium- 
velocity gun backed by machine-guns and in- 
tended mainly for the support role: the battle 
tank became the PzKpfw III with a 37- and later 
a 50-mm gun, while the medium tank became 
the PzKpfw IV with a 75-mm (2.95-in) gun. The 
standard tank battalion had four companies, 
and it was planned that three of these would 
field the PzKpfw III battle tank. 

Development of the battle tank was under- 
taken with the cover designation ZW, and pro- 
totype orders were placed with Daimler-Benz, 
Krupp, MAN and Rheinmetall during 1936. The 
Inspectorate for Mechanized Troops wished 
the ZW to be fitted with a 50-mm gun, but the 
Ordnance Department pointed out that the in- 
fantry's standard anti-tank gun was a 37-mm 
weapon: the compromise eventually thrashed 
out was that the type would carry the 37-mm 
KwK L/45 gun, but have a turret ring of ade- 
Quate diameter to allow later substitution of 


The PzKpfw II Aust B and 
C were distinguishable 
from the Ausf A by the 
provision of a 
commander's cupola. This 
is a machine of the 21st 
Panzer Division in North 
Africa. (RAC Tank 
Museum) 
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the 50 mm KwK 39 gun if tactical conditions 
altered. This was an extremely far-sighted 
move, and allowed the PzKpfw III to be retain- 
ed as an effective weapon for about two years 
longer than would otherwise have been the 
case. It is odious to make comparisons, but it 
is inevitable that one should think of the A12 
Matilda 11, a potentially formidable British tank 
that could have played a decisive role if the tur- 
ret ring had not been sized exactly to the 2-pdr 
(40-mm) tank gun of the late 1930s and 
thereby precluded from development with a 
larger-calibre gun of the type that operations 
Soon revealed to be essential. 

It proved impossible to design a battle tank 
down to the desired limit of 15 tonnes, so the 
upper limit was raised to the 24-tonne rating of 
Germany's road bridges, and the selection 
battle settled down to a choice between the 
Krupp and Daimler-Benz offerings, before 
the latter was selected for production as the 
PzKpfw IIl Ausf A (SdKfz 141) after features of 
the Krupp MKA prototype had been incor- 
porated into the design. In overall layout, the 
PzKpfw III followed the pattern finalized in the 
PzKpfw 1, with the driving compartment at the 
front, the fighting compartment in the centre 
and the engine compartment at the rear. Crew 
dispositions were the driver and radio opera- 
tor/bow gunner in the forward compartment, 
and the commander, gunner and loader in the 
fighting compartment/turret. The crew were 
favoured with considerable working space, by 
comparison with contemporary tanks of the 
same basic type, and the driver had the useful 
advantage of a preselector gearbox: this re- 
quired more maintenance than the crash gear- 
box used in most other tanks, but offered 
greater flexibility of operation in conjunction 
with the 230-hp (171.5-KW) Maybach HL 108 
TR petrol engine. The drive sprockets were 
located at the front, the track on each side 
passing under the six coil-sprung road wheels 
before returning via the rear idler and two 
track-return rollers: this arrangement provided 
a good cross-country ride and a maximum 
speed of 32 km/h (19.9 mph). The sensible 
layout of the vehicle was echoed in the con- 
struction of high-grade chrome/molybdenum 
steel armour: the hull was a bolted-together 
assembly of three welded sub-assemblies (the 


lower hull, the forward upper hull and the rear 
upper hull), and the turret was another welded 
assembly. The minimum and maximum ar- 
mour thicknesses in the prototype were 10 
апа 14.5 (0.39 and 0.57 in), resulting in a 
weight of 15,400 kg (33,951 Ib). The armament 
rather let down the potential of the tank, being 
the 37-mm KwK L/45 gun and three 7.92-mm 
(0.312-in) MG34 machine-guns (two coaxial 
with the main armament and the third in the 
bow): the main gun had the useful ammunition 
stowage of 150 rounds, but its indifference as 
an anti-tank weapon is indicated by its ability to 
penetrate only 36 mm (1.42 in) of armour angl- 
ed at 30° at a range of 500 m (545 yards) with 
its 0.75-kg (1.65-Ib) shot fired at a muzzle 
velocity of 760 m (2,493 ft) per second. 

The Ausf A was in reality a pre-production 
type, and only 10 were built before production 
switched to the PzKpfw III Ausf B in 1937. This 
was identical to the Ausf A in all respects but 
its running gear, which now consisted on each 
side of eight small road wheels: these were ar- 
ranged in two-wheel bogies, which were sup- 
ported in pairs by large horizontal leafsprings; 
there were also three track-return rollers. Pro- 
duction of this variant amounted to 15 tanks, 
which were supplanted by the PzKpfw III Ausf 
C in which the suspension was revised once 
more, in this instance so that each two-wheel 
bogie was supported by an individual leaf- 
spring. The next pre-production variant was 
the PzKpfw III Ausf D, evolved from the Ausf C 
but with the armour increased to a 30-mm 
(1.18-in) basis: again, 15 of these 19,800-kg 
(43,651-lb) vehicles were built. The final pre- 
production model (or perhaps initial produc- 
tion model, since 440 were built) was the 
PzKpfw Ill Ausf E, which appeared in 1938. 
This had a more powerful engine, in the form of 
the 320-hp (239-kW) Maybach HL 120 TR, a 
revised transmission and, most significant of 
all, new running gear. On each side this con- 
sisted of six road wheels independently sprung 
by transverse torsion bars. 

At about this time the Ordnance Depart- 
ment finally appreciated its short-sightedness 
in pressing for a 37-mm main armament, and 
instructed Krupp to proceed with the design of 
anew turret to accommodate the 50-mm KwK 
39 gun. The development had not been com- 
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pleted, however, when the next variant of the 
tank Ill was being readied for production in 
early 1940 as the PzKpfw Ill Ausf F. This 
20,300-kg (44,753-Ib) variant had therefore to 
retain the 37-mm gun, so its main improve- 
ments over the Ausf E were better ventilation, 
five smoke emitters on the rear decking, a 
stowage box on the turret and the HL 120 TRM 
engine rated at 300 hp (224 kW). The main ar- 
mament was still not ready when the PzKpfw 
11 Ausf G was introduced later іп 1940, so 
again this variant retained the 37-mm main 
gun. It had the same weight and improvements 
as the Ausf F, but also featured a revised com- 
mander's cupola with improved protection for 
the vision ports. 

All three of these variants were retrofitted 
with the new KwK L/42 gun as this became 
available, to the annoyance of Hitler, who ap- 
preciated the pace of armoured warfare devel- 
opment and thus demanded the longer and 
more powerful KwK 39 L/60 gun of the same 
calibre: firing the same round with a 2.05-kg 
(4.52-Ib) shot, the L/42 weapon generated a 
muzzle velocity of 685 m (2,247 ft) per second, 
Sufficient to penetrate 49 mm (1.93 in) of ar- 
mour at an angle of 30? at a range of 500m 
(545 yards), whereas the L/60 weapon 


generated a muzzle velocity of 825m 
(2,707 ft) per second to penetrate 60 mm 
(2.35 in) of armour at the same inclination and 
range. Stowage of 50-mm ammunition 
amounted to 99 rounds. Development of the 
PzKpfw IIl continued after 1940, and details of 
this ultimate extension of the PzKpfw IlI's 
capabilities are discussed in the next chapter. 

The last of Germany's main tanks with a 
pre-war pedigree was the PzKpfw IV, which 
also possesses the distinction of being the 
only German tank to have remained in pro- 
duction right through the Second World War 
for an overall total of more than 8,500 ex- 
amples. The type was planned at the same 
time as the PzKpfw Ill, and was essentially 
Similar, other than in its main armament, 
which was the 75-mm (2.95-in KwK L/24 
designed to provide the lighter PzKpfw 111 with 
HE fire support. The ordnance weighed 285 kg 
(628.3 Ib) compared with the 37-mm KwK 
L/45's 195 kg (429.9 Ib) and the 50-mm KwK 
L/42's 225kg (496 Ib); it fired its 6.75-kg 
(14.94b) APCBC projectile with a muzzle 
velocity of 385 m (1.263 ft) per second, suffi- 
cientto penetrate 41 mm (1.61 in) of armour at 
an angle of 30° at a range of 500m 
(545 yards). In addition to this armour-piercing 


The main 1942 production 


variant of the PzKpfw 
was the Ausf L with 
spaced frontal armour 
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and the L/60 version of 
the 50-mm main gun, the 


KwK 39. The vehicles 


were often retrofitted with 
skirt armour. (RAC Tank 


Museum) 
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Produced in 1940, and 
seen here during the 
Battle of France in that 
year, the PzKpfw IV Aust 
D introduced a more 
powerful engine, a 
Stepped front to the 
Superstructure, and an 
external mantlet for the 
short-barrel 75-mm 
(2.95-in) gun intended to 
provide the tank with a 
support rather than anti- 
tank role. (MARS) 


round, the KwK L/24 ordnance could fire 
HEAT, HE, Smoke and Case rounds. The stan- 
dard tank battalion had four companies, and it 
was planned that while three of these would 
field the PzKpfw Ill battle tank, the fourth 
would operate the PzKpfw IV medium tank in 
the support role 

The design was fixed at a weight not ex- 
ceeding 24 tonnes, and in 1934 prototype 
vehicles were ordered under the cover 
designation BW from Krupp as the VK2001(K), 
MAN as the VK2002(MAN), and Rheinmetall 
as the VK2001(Rh). The Krupp submission had 
large-diameter interleaved road wheels, and 
this was considered the best basis for a pro- 
duction tank, though only after incorporation 
of features from the Rheinmetall prototype, in- 
cluding the simpler running gear consisting on 
each side of eight small road wheels in two- 
wheel bogies with leafsprings; the drive 
sprocket was at the front and the idler at the 
rear, and there were four track-return rollers. 
In 1936 production contracts were let to Krupp 
for a vehicle to be designated PzKpfw IV 
(SdKtz 161), and in overall configuration sim- 
ilar to the PzKpfw Ill. The crew was disposed 
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in much the same way as the PzKpfw 111, but 
whereas the battle tank had a manually-opera- 
ted turret, that of the medium tank was 
traversed electrically. Before the PzKpfw IV 
entered large-scale production, a number of 
features were trialled in small pre-production 
batches, of which the first was the PzKpfw IV 
Ausf A, built to the extent of 35 examples. This 
weighed 17,300 kg (38,139 Ib), was armoured 
from a minimum of 8 mm (0.315 in) to a max- 
imum of 20 mm (0.79 in), and was armed with 
the 75-mm (2.95-in) main gun plus a secondary 
battery of two 7.92-mm (0.312-in) MG34 
machine-guns (one in the bow and the other 
coaxial). The Ausf A was powered by a 250-hp 
(186-kW) Maybach HL 108 TR petrol engine for 
a maximum speed of 30 km/h (18.6 mph), and 
its features included the distinctive air inlets 
on the rear decking and the commander's 
cupola projecting vertically through the rear of 
the angular but moderately well shaped turret. 

Next came the PzKpfw IV Ausf B of 1938 
with a modified cupola, a straight-fronted 
rather than recessed superstructure, no bow 
machine-gun, a 320-hp (239-kW) engine and a 
number of detail modifications; production 
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Panzerkampfwagen IV Ausf D 
(4/BW) (SdKfz 161) 
(Germany) 


Type: battlefield support tank 

Crew: 5 

Combat weight: 20,000 kg (44,092 Ib) 
Dimensions: length overall 5.91 m (19.39 ft); 
width 2.92 m (9.58 ft) over steps; height overall 
2.59 m (8.50 ft) 

Armament system: one 75-mm (2.95-in) KwK 
L/24 rifled gun with 80 rounds and two 7.92-mm 
(0.312-in) MG34 machine-guns (one coaxial and 
one bow) with 2,800 rounds; the turret was elec- 
trically operated, the main gun was stabilized in 
neither elevation nor azimuth (360°), and simple 
optical sights were fitted 

Armour: welded steel varying in thickness bet- 
ween 10 and 30 mm (0.39 and 1.18 in) 
Powerplant: one 224-kW (300-hp) Maybach HL 
120 PRM petrol engine with 470 litres (103.4 Imp. 
gal.) of fuel 

Performance: speed, road 42 km/h (26.1 mph); 
range, road 200 km (124 miles); fording 0.8 m 
(2.62 ft); gradient 57%; vertical obstacle 0.6 m 
(1.97 ft); trench 2.3 m (7.55 ft); ground clearance 
0.4 m (15.75 in) 


amounted to 42 machines. The Ausf B formed 
the basis for the PzKpfw IV Ausf C, which 
followed in 1939 with a 300-hp (224-kW) en- 
gine, an armoured sleeve for the turret 
machine-gun, and armour increased in max- 
imum thickness to 30 mm (1.18 in), so increas- 
ing weight from the 17,700 kg (39,021 Ib) of 
the Ausf B to 20,000 kg (44,092 Ib). 

Full-scale production began late in 1939 
with the PzKpfw IV Ausf D, which was based 
on the Ausf C but restored the bow machine- 
gun and introduced a stepped front to the 
superstructure. Other changes were an in- 
crease in the armour thickness of the glacis 
plate, hull sides and hull rear from 14.5 to 
20 mm (0.57 to 0.79 in), an external rather 
than internal gun mantlet of 30-mm (1.18-in) 
thickness, eyelid shutters over the five vision 
ports in the commander's cupola, a new pat- 
tern of track and slightly larger overall di- 
mensions. The uparmouring of the Ausf D 
indicated that the German army was now be- 
coming seriously worried about the com- 
paratively thin armour of its primary tanks, and 
this process was continued with the PzKpfw IV 
Ausf E that was identical to the Ausf D in all but 
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its improved protection and its new turret. The 
protective features included the thickening of 
the nose plate from 30 to 50 mm (1.18 to 
1.97 in), but though it had been planned to in- 
crease the front plate to the same thickness, 
the design of the bow machine-gun installation 
precluded this until a new mounting had been 
designed. Increased protection was afforded 
to the fighting compartment by the addition of 
20-mm (0.79-in) face-hardened armour plate 
on the sides, and in service the tank was often 
provided with additional protection by the addi- 
tion of spaced armour of various types: this 
generally comprised 30-mm (1.18-in) panels 
attached over a 75-mm (2.95-in) gap to reduce 
the effect of the hollow-charge warheads. 

The Ausf E introduced the type of turret that 
remained standard on production vehicles for 
the rest of the Second World War. Some criti- 
cism had been levelled at the inadequate pro- 
tection offered by the 20-mm (0.79-іп) 
thickness of the commander's cupola, and in 
the'revised turret this was increased to a mini- 
mum of 30-mm (1.18-in) and a maximum of 
67-mm (2.64-in). The cupola was also moved 
forward, allowing the installation of a smoothly 
curved back plate without the distinctive cut- 
out previously necessary to accommodate 
the rear of the cupola. Finally the turret was fit- 
ted with an electrical ventilation fan to provide 
better fighting conditions than had prevailed 
with the original ventilator flap. The PzKpfw IV 
went through later marks and developments, 
but these fall completely within the context of 
the Second World War and are therefore treat- 
ed in the next chapter. 

Germany's design and industrial capabilit- 
ies were severely tested by the virtually 
simultaneous development and production of 
four major service tanks, and despite a pro- 
digious effort, could not satisfy the army's re- 
quirement in terms of volume and speed of 
production. To this extent, therefore, the army 
was extremely fortunate that Hitler's territorial 
ambitions encompassed the overrunning of 
Czechoslovakia's rump in March 1939, after 
the ignominious British and French abandon- 
ment of the Czech Sudetenland to German 
demands in the Munich agreement of 
September 1938: the German army was able 
to absorb much of the Czech army's capable 


tank fleet, and the Czech production capabilit- 
ies were completely at the disposal of the Ger- 
man war machine. 

Czechoslovakia was split off from Austria- 
Hungary as an independent country in 
October 1918, and immediately set about 
building up its armed forces. Here the new 
country had the considerable advantage of 
containing, in addition to large iron-producing 
capacity, one of the world's largest armament 
concerns in the form of Skoda, located at 
Pilsen. This was joined in 1927 by the CKD 
(Ceskomoravska Kolben Danek) formed by the 
amalgamation of four large companies, in- 
cluding the car manufacturer Praga, and a fur- 
ther addition to the potential for armoured 
fighting vehicles was Tatra, another major 
manufacturer of cars and trucks. What was 
lacking to the Czechs in the short term was in- 
digenous experience of tank operation and 
design. In common with many other countries, 
the Czechs surmounted this initial obstacle by 
the import of Renault FT light tanks. These pro- 
vided the Czech tank force with the basis of an 
operational doctrine, and gave fledgling 
designers the chance to examine and learn 
from the French practice in light armoured 
vehicles. This led to the design of armoured 
cars in the early 1920s and, with the aid of J. 
Vollmer after his departure from Sweden, the 
Skoda/Tatra KH.50 wheel/track light tank, pro- 
totypes of which were built in 1925. The ab- 
breviation KH stands for Kolohousenka (wheel 
track), and these two-man vehicles weighed 
6,800 kg (14,991 Ib) on a 13-mm (0.51-in) ar- 
mour basis, and with a 50-hp (37.3-kW) petrol 
engine could attain 12 km/h (7.5 mph) on their 
tracks or 35 km/h (21.75 mph) on their wheels. 
The armament was located in a small 360° 
traverse turret, and comprised one 37-mm gun 
or one machine-gun. After service evaluation 
the type was rejected by the Czech army, and 
the designers moved forward to the KH.60 of 
1928-29 with slightly thicker armour and a 
60-hp (44.7-kW) engine, and the ultimate 
KH.70 of 1930 with an improved wheel/track 
change system and a 70-hp (51.2-kW) engine. 
The wheel/track concept clearly appealed to 
Czech designers, for despite problems with 
the concept, it was 1934 before the notion was 
finally abandoned. 
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Another vehicle that spurred considerable 
Overseas interest was the Carden-Loyd 
tankette, several examples of which were ob- 
tained by Czechoslovakia for evaluation and 
analysis. Impressed with the capabilities and 
Simple construction of the type, the Czechs 
saw this as an ideal starting point for fully- 
tracked vehicles, and two design streams 
resulted: the P-I from CKD/Praga and ће S-I 
(T-1/MU-4) from Skoda. The P-I was an unex- 
ceptional vehicle that was criticized for its 
poor cross-country ride, but ordered to the ex- 
tent of 70 T-33 vehicles, the prefix standing for 
Tancik (tankette). The two-man T-33 weighed 
2,500 kg (5,511 Ib), had 12 mm (0.47 in) of ar- 
mour, and was armed with two 7.92-mm 
(0.312-in) machine-guns in limited-traverse 
mountings at the front of the crew compart- 
ment; the type was powered by a 31-hp 
(23.1-kW) Praga petrol engine, and could 
reach 35 km/h (21.75 mph). Whereas the T-33 
was an all-riveted machine, the competing 5-1 
was all-welded to a maximum thickness of 
5.5 mm (0.22 in). The S-I (T-1/MU-4) was a two- 
man tankette weighing 2,300 kg (5,071 Ib), and 
with its 40-hp (29.8-KW) Skoda petrol engine 
could reach 45 km/h (28 mph). The armament 
was identical to that of the T-33, but in spite of 
its overall superiority in performance, the vehi- 
cle was turned down by the Czech army for its 
lack of adequate protection, abetted by the 
fact that the P-| (T-33) had already been 
ordered. The T-33 gained a small contract but 
was a design and evolutionary dead-end. The 
Skoda design was more fortunate, for despite 
the failure of the 5-1 (T1/MU-4) the type had 
some growth potential and was evolved into 
the two-man S-Id heavy tankette with a 60-hp 
(44.7-kW) Skoda engine for a speed of 45 km/h 
(28 mph), despite a weight of 4,500kg 
(9,921 Ib), protection to a maximum of 15 mm 
(0.59 in), and an armament of one 47-mm gun 
and one 7.92-mm (0.312-in) machine-gun. This 
model entered production in 1938 for Yugo- 
slavia, and was later used by Romania. 

The production success of the Р- іп 1933 
persuaded CKD/Praga to develop a genuine 
light tank as the Р-11, which was the first tank of 
Czech origin to be ordered in production quan- 
tities (50 tanks) as the TNHB. To the company 
the vehicle was also known as the LTL-H or, 


CKD/Praga LT-34 == 


CKD/Praga P-1I (LT-34) 
(Czechoslovakia) 


Type: light tank 
Crew: 4 

Combat weight: 7,625 kg (16,810 Ib) 
Dimensions: length overall 4.02m (13.25 ft); 
width 2.03 m (6.67 ft); height 1.83 m (6.00 ft) 
Armament system: one 37-mm gun and two 
7.92-mm (0.312-in) machine-guns 

Armour: 15 mm (0.59 in) maximum 

Powerplant: one 46.2-KW (62-hp) Praga petrol 
engine 

Performance: speed, road 40 km/h (21.1 mph); 


for export, as the LT-34, the prefix standing for 
Lekhy Tank (light tank) and the suffix for the 
year of introduction (1934). This was a four- 
man machine weighing a modest 7,500 kg 
(16,534 Ib) as it was armoured to a maximum 
of only 15 mm (0.59 іп), and was 4.04m 
(13.25 ft) long. In layout the tank was conven- 
tional, with the driving compartment at the 
front, the fighting compartment in the centre 
and the engine compartment at the rear. The 
suspension was based on comparatively small 
road wheels (later revised to four large road 
wheels on cranked stub axles and controlled in 
pairs by free-pivoting semi-elliptic springs), the 
drive sprockets were at the front with the idlers 
at the rear, and there were four unequally 
spaced track-return rollers (later revised to 
three). The armament comprised one 37-mm 
gun and two 7.92-mm (0.312-in) machine- 
guns, the latter located as one coaxial and one 
bow weapon. Careful design made the TNHB 
reliable and easy to maintain, but considerable 
criticism was made of the fact that it was noisy 
and tiring to drive. Located under a high rear 
decking, the Praga petrol engine developed 
62 hp (46.2 kW), sufficient to give this vehicle a 
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The m/37 light tank was 
the CKD/Praga AH-IV-Sv 
produced in Sweden from 
Czech-supplied 
components. (Försvarets 
Materielverk, Sweden) 


Strv m/42 
(Sweden) 


Type: medium tank 
Crew: 4 

Combat weight: 22,860 kg (50,397 Ib) 
Dimensions: length overall 6.10 m (20.01 ft); 
width 2.45 m (8.04 ft); height 2.60 m (8.53 ft) 
Armament system: one 75-mm (2.95-in) gun and 
three 8-mm (0.315-in) machine-guns 

Armour: between 40 and 80mm (1.575 and 
3.15 in) 

Powerplant: one 306-kW (410-hp) Scania-Vabis 
petrol engine 

Performance: speed, road 45 km/h (28 mph); 
gradient 60% ; vertical obstacle 0.6 m (1.97 ft) 


speed of 34 km/h (21.1 mph). 

The LT-34 enjoyed considerable success 
in the export market, the basic vehicle being 
sized up or down to suit particular customer 
requirements. These export variants were the 
R- (35 for Romania), the AH-IV-Sv (50 for 
Sweden, with the local designation Strv m/37). 
the TNH (for Persia), the TNH-Sv (for Sweden 
with the local designation Strv m/42), the LTH 
(24 for Switzerland, with the local designation 
Pz 39), the LTP (24 for Peru) and the LTL (21 for 
Latvia). The ВУ was a scaled-down two-man 
machine weighing 4,000kg (8,818 10), ar- 
moured to a maximum of 12mm (0.47 in) 
armed with two machine-guns, powered by a 
60-hp (44.7-kW) Praga engine for 45 km/h 
(28 mph), and 3.2 m (10.5 ft) long. The AH-IV- 
Sv was another scaled-down version, in this in- 
stance built under licence in Sweden, opera- 
ted by a two-man crew, weighing 4,500 kg 
(9,921 Ib), armoured to a maximum of 15 mm 
(0.57 in, armed with two 8-mm (0.315-in) 
machine-guns, powered by an 80-hp (59,6-kW) 
Volvo engine for 48 km/h (29.8 mph), and 
3.4 m (11.15 ft) long. The TNH was a slightly 
scaled-up  three/four-man version with 
modifications for desert operations, weighing 
8,500 kg (18,739 Ib), armoured to a maximum 
of 25 mm (0.98 in), armed with one 37-mm gun 
and two machine-guns, powered by a 100-hp 
(74.6-kW) Praga engine for  42km/h 
(26.1 mph), and 4.5 m (14.76 ft) long. The TNH- 
Sv was another slightly scaled-up three/four- 
man version which was produced under Ger- 
man licence in Sweden by Scania Vabis after 
Czechoslovakia had been occupied and the 
vehicles on the CKD/Praga production line im- 
pressed by the Germans: the Swedish model 
weighed 10,500 kg (23,148 Ib), was armoured 
to a maximum of 25 mm (0.98 in), was armed 
with one Bofors 37-mm gun and two 8-mm 
(0.315-in) machine-guns, and was powered by 
a 160-hp (119-kW) Scania Vabis engine for 
45 km/h (27.9 mph). The LTH was a similar 
three-man version weighing 7,500 kg 
(16,534 Ib), armoured to a maximum of 32 mm 
(1.26 in), armed with one Oerlikon 24-mm can- 
non and two machine-guns, powered by a 
125-hp (93.2-kW) Saurer Arbon diesel engine 
for 45 km/h (28 mph), and 4.3 m (14.1 ft) long 
The LTP was a slightly modified version of the 
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TNH with a three-man crew, weighing 
7,500 kg (16,534 Ib) armed with one Skoda 
37-mm gun and two machine-guns, and 
powered by a 125-hp (93.2-kW) Praga engine 
for 45 km/h (28 mph). And the LTL was another 
TNH version with a three-man crew, weighing 
7,200 kg (15,873 Ib), armoured to a maximum 
of 25 mm (0.98 in, armed with one Skoda 
37-mm gun or Oerlikon 20-mm cannon and 
two machine-guns, and powered by a 125-hp 
(93.2440) Praga engine for 54km/h 
(33.6 mph). 

The real importance of the TNHB and its 
Scaled-up/scaled-down offshoots lies in the 
fact that they paved the way for the CKD/ 
Praga TNHP, otherwise known as the LT-38 or, 
to the Germans, as the PzKpfw 38(t). The spur 
for this vehicle was the Czech army’s reaction 
to a rapidly worsening European situation, by 
the creation in October 1937 of a committee to 
evaluate current Czech tank production 
capability and to recommend a new type of 
high-performance light tank to complement 
and then to supplant the Skoda LT-35, a 1935 
type of exceptional performance but notable 
mechanical complexity. 

To meet this requirement several com- 
panies submitted designs and prototypes, the 
two most important competitors being 


CKD/Praga and Skoda. CKD/Praga offered 


three prototypes based on the TNH (a re- 
worked version of the TNHB, a basically 
similar LTL-P modelled on the export variant 
and a TNH derivative with upgraded protec- 
tion, more capable armament and a host of in- 


Strv m/40K 


Strv m/40K 
(Sweden) 


Type: light tank 

Crew. 3 

Combat weight: 10,900 kg (24,030 Ib) 
Dimensions: length overall 4.90 m (16.08 ft); 
width 2.11 m (6.92 ft); height 2.08 m (6.82 ft) 
Armament system: one 37-mm gun and two 
&mm (0.3154п) machine-guns 

Armour: 24 mm (0.94 in) maximum 

Powerplant: one 119.3-KW (160-hp) Scania-Vabis 
petrol engine 

Performance: speed, road 49 km/h (29.8 mph); 
gradient 60%, vertical obstacle 0.6 m (1.97 ft); 
trench 1.675 m (5.5 ft) 


For its time the Czech 
LT-35 (Skoda 5-а) light 
tank was singularly 
advanced, pneumatically- 
assisted steering and 
gear changing doing 
much to ease the task of 
the driver and so make 
possible more effective 
combat operations. (RAC 
Tank Museum) 
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The LTL-H (TNHP) 
pe paved the way 
highly successful 

LT 0 series of Czech 


nks and their 
e derivatives. The 
LT-38 is now better known 


by the PzKpfw 38(t) 
designation afforded to it 
by the Germans. (RAC 
Tank Museum) 


Below Afterthe 
overrunning of 
Czechoslovakia by 
Germany in 1939, the 
vehicles of the Czech 
tank arms were absorbed 
into Germany's growing 
Panzer force. These are 
LT-38s in service as 
PzKpfw 38(t) light tank 
with Generalmajor Erwin 
Rommel's 7th Panzer 
Division during the Battle 
of France (WM) 


ČKD TNH (ran) cine 
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ternal modifications to improve both reliability 
and crew habitability). This last factor was of 
singular importance in promoting the type's 
fighting capabilities by keeping the crew in bet- 
ter morale and physical shape. The prototypes 
were thoroughly evaluated in some 5,000 km 
(3,105 miles) of running trials, including 
1,500 кт (930 miles) across country, and 
emerged with virtually no problems. All who 
dad partaken in the trials were impressed with 
the CKD/Praga prototypes’ good reliability, 
low maintenance needs and high perfor- 
mance. Some minor modifications were incor- 
porated into the TNHS (the LTL-P prototype) 
before it received a production order for 150 
examples as the TNHP, soon increased by 
orders for the LT-38 export version. 

The TNHP is the classic light tank of the 
period immediately before the Second World 
War, with a beautifully balanced blend of 
firepower, protection and mobility to optimize 
its capabilities in the twin roles of recon- 


| CKD/Praga TNHP-S or LT-38 
(Czechoslovakia) 


Type: light tank 
Crew: 4 
Combat weight: 9,700 kg (21,384 Ib) 
Dimensions: length overall 4.54m (14.91 ft); 
width 2.02 m (6.62 ft) for early vehicles and 
2.05 m (6.74 ft) for late vehicles; height overall 
2.365 m (7.76 ft) 
Armament system: one 37.2mm Skoda A7 
47.8 rifled gun with 90 rounds and two 7.92-mm 
(0.312-in) vz37 machine-guns (one coaxial and 
опе bow) with 2,550 rounds; the turret was 
manually operated, the main gun was stabilized 
| in neither elevation (— 6° to + 12°) nor azimuth 
| (360°), and simple optical sights were fitted 
Armour. riveted and bolted steel varying in 
thickness between 8 and 30mm (0.315 and 
1.18 in) 
Powerplant: опе 93.2-kW (125-hp) EPA Model |, II 
ог Ш (early variants) ог 111.8kW (150-hp) 
ЕРАЈАС Model IV (last variant) petrol engine with 
225 litres (49.5 Imp. gal.) of fuel 
Performance: speed, road 56 km/h (34.8 mph) in 
early vehicles and 42 km/h (26.1 mph) in late 
vehicles; fording 0.9 m (2.95 ft); gradient 58% in 
early vehicles and 48% in late vehicles; vertical 
obstacle 0.8m (2.6 ft); trench 1.85 т (6.1 ff) 
ground clearance 0.28 m (11 in) 
(illustration: TNH (Iran) 


naissance and support for the more power- 
fully-armed medium tank; the weakest points 
of the design were riveted construction (with 
the exception of the bolted-on upper surfaces 
to the superstructure) and the modest 37-mm 
Skoda A7 gun. In layout the tank was conven- 
tional, with the driver in the forward compart- 
ment, the commander, gunner and 
loader/radio operator in the fighting compart- 


THe CKD/Praga company 
designation LTL was 
given to the light tank 
known to.the Czech 
military as the TNH. This 
particular variant is the 
LTL-P (TNHS). (RAC Tank 
Museum) 


An LTL-P is put through 
its impressive paces on 
the obstacle course. (RAC 
Tank Museum) 
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1 in service until the 
Js, the Pz 39 was in 
a pre-Second World 
г design, the 
D/Praga LTH built 
der licence in 
itzerland. The basic 
агу to the 
TNHILT-38 series is 
evident, but the type 
carried a 24-mm Oerlikon 
cannon as main 
armament. 
(Eidgenössische 
Konstrucktionswerkstatte, 
Berne) 
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ment, and the powerplant in the rear compart- 
ment under a comparatively high rear decking. 
The minimum and maximum armour thick- 
nesses were 8 mm (0.315 in) on the belly and 
25mm (0.98in) on the front via 15mm 
(0.59 in) at the rear and 19 mm (0.75 in) at the 
Sides, and the tank weighed 8,000 kg 
(17,637 Ib) in this form. The turret was 
surmounted by a fixed cupola, and its 
weapons comprised one 37-mm gun with 90 
rounds of armour-piercing and HE ammuni- 
tion, and one 7.92-mm (0.312-in) vz37 coaxial 
machine-gun; another vz37 machine-gun was 
located in the bow for operation by the driver, 
and 2,550 rounds of ammunition were carried 
for these two guns. The turret could be tra- 
versed through 360° mechanically, and allow- 
ed the main gun an elevation arc between -6° 
and + 12°; the elevation gear was designed to 
provide an accurate fire capability when lock- 
ed and with the vehicle halted. The running 
gear was modelled closely on that of the 
definitive TNHB, the arrangement on each 
side comprising four large-diameter rubber- 
tyred road wheels (controlled in pairs by 
pivoting semi-elliptical leafsprings), the drive 
sprocket was at the front, the idler at the rear, 
and two track-return rollers located towards 
the front of the track run. The engine was a 
125-hp (93.2-kW) Praga EPA unit. 

When Czechoslovakia was occupied by 
Germany in 1939, the TNHP was just entering 


124 service with the Czech army and was taken in- 


to German service as the PzKpfw 3861). 
Manufacture was continued against German 
plans for 40 such vehicles per month, ending 
only in 1942 after the production of 1,168 
vehicles for the Germans, within an overal 
chassis production figure of 1,590. The 
Germans were concerned with the TNHP's 
comparatively light protection, and ordered an 
increase to 50 mm (1.97 in) on the front by the 
addition of a 25-mm (0.98-in) plate over the ex- 
isting 25-mm (0.98-in) armour, and to 30 mm. 
(1.18 in) on the sides, thereby increasing com- 
bat weight to 9,700 kg (21,384 Ib) inthe variant 
known as the TNHP-S, the suffix standing for 
Schwer (heavy). In many vehicles the German 
37-mm KwK L/45 gun was used in place of the 
L/47.8 Skoda weapon, and considerable revi- 
sions were made to the internal equipment to 
modify the vehicle to German standards. In the 
last 500 chassis an uprated powerplan was in- 
stalled in the form of the 150-hp (112-kW) 
EPA/AC engine. 

The PzKpfw 38(t) was a welcome addition to 
the German army's light tank inventory, and 
was used most extensively by the 7th and 8th 
Panzer Divisions right into 1942. By that time 
the basic vehicle was obsolescent as a tank, 
but the capabilities of the chassis rightly con- 
vinced the Germans that the core vehicle: 
could form the automotive core for a whole 
series of self-propelled mountings that played 
a prominent part in German operations for the 
rest of the war. 
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Skoda Model T-11 or LT-35 
(LTM-35) S-Ila 
(Czechoslovakia) 


Type: light tank 

Crew: 4 

Combat weight: 10,500 kg (23,148 Ib) 
Dimensions: length overall 4.54m (14.88 ft); 
width 2.14m (7.03 ft); height overall 2.20m 
(7.21 ft) 

Armament system: one 37.2-mm Skoda A3 L/40 
rifled gun with 90 rounds and two 7.92-mm 
(0.312-in) vz37 machine-guns (one coaxial and 
one bow) with 2,550 rounds; the turret was 
manually operated, the main gun was stabilized 
in neither elevation (— 10° to + 25°) nor azimuth 
(360°), and simple optical sights were fitted 
Armour: riveted and bolted steel varying in 
thickness between 12 and 35mm (0.47 and 
1,38 in) 

Powerplant: one 89.5-KW (120-hp) Skoda T-11 
petrol engine with 155 litres (34.1 Imp. gal.) of 
fuel 

Performance: speed, road 40 km/h (24.9 mph); 
range, road 200 km (124 miles); fording 0.8 m 
(2.6 ft); gradient 54%; vertical obstacle 0.8 т 
(2.6 ft); trench 2.0 m (6.56 ft); ground clearance 
0.35 m (13.8 in) 


The LT-35 (sometimes LTM-35) was design- 
ed by Skoda in the light of its experience with 
the S4 tankette, and the S-lla/T-11 basic 
design for a light tank was evolved to satisfy 
operational requirements, such as rear drive 
to leave the fighting compartment uncluttered 
by transmission elements, a short engine to 
leave as much floor area as possible for the 
fighting compartment, a  pneumatically- 
operated gearbox for transmission flexibility 
and ease of driving, pneumatically-powered 
steering to permit the coverage of long 
distances without excessive driver fatigue, 
new running gear to ensure equal pressure on 
all road wheels, and duplication of all major ac- 
cessories to increase system reliability in sus- 
tained operations. For its time the design was 
highly advanced, but suffered the consequen- 
ces of its mechanical complexity in low 
serviceability. Nonetheless, the performance 
of the type in prototype trials was so im- 
pressive that at the end of 1935 the tank was 
ordered into production for the Czech army. 
The hull and turret were of riveted and bolted 
construction, protection being afforded by ar- 


mour varying in thickness from a minimum of 
12 mm (0.47 in) on the belly to a maximum of 
35 mm (1.38 in) on the hull nose and gun 
mantlet. The driver and bow gunner were 
located in the forward compartment, the latter 
to operate the 7.92-mm (0.312-in bow 
machine-gun, and the commander/gunner and 
loader/radio operator were placed in the first 
360° traverse turret to be installed on a Skoda 
tank. The turret was fitted with a fixed cupola, 
and was armed with a 37-mm Skoda A3 L/40 
semi-automatic gun plus 90 rounds, and with a 
7.92-mm  (0.312-in coaxial machine-gun; 
Some 2,550 rounds of ammunition were car- 
ried for the two machine-guns. The main gun 
had an elevation arc between -10° and + 25°, 
and the turret was traversed mechanically. An 
obvious limitation with the turret was its re- 


Skoda S-1 1a (LT-35) 
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Striction to two men, requiring the commander 
to double as the gunner, seriously affecting 
the tank's tactical flexibility. The 120-hp 
(89.5-kW) Skoda engine was located in the 
rear compartment. The drive sprockets were 
at the rear and the idlers at the front, and on 
each side the running gear comprised eight 
small road wheels coupled into two-wheel 
bogies attached to the hull in four-wheel pairs 
on rocker arms with semi-elliptical leafsprings; 
a small guide wheel was located between the 
idler and the forward road wheel, and there 
were four track-return rollers. 

The advanced design of the steering, 
transmission and suspension made the LT-35 
an excellent driver's tank, and reliability per- 
mitted daily runs of 200 km (125 miles) at an 
average speed of between 20 and 25 km/h 
(12.4 and 15.5 mph) to be common. This cruis- 
ing speed is the more remarkable given that 
the maximum speed was limited to only 
40 km/h (24.9 mph) by the comparatively low 
power of the engine. After German occupation 
of Czechoslovakia the LT-35 was taken into 
German service as the PzKpfw 35(t) and used 
to equip the 6th Panzer Division right into 
1942. The type continued to suffer reliability 
problems, and the Germans redesigned the 
tank's transmission and steering systems. 
From 1942, however, the type was phased out 
of front-line service for a less exacting but still 
important role as a mortar and artillery tractor. 

From the same basic design Skoda evolved 
the 5-10 medium tank, but this suffered still 
worse problems of reliability, and was rejected 
for service. Further work resulted in the S- 
IIr/T-21 medium tank prototype, which was 
sufficiently improved for the Hungarian army 
to order the type for licence production 
in modified form as the 40 M Turan |. This 
weighed 16,000 kg (35,273 Ib), had a five-man 
crew (including three in the turret), was armed 
with one 40-mm Skoda gun and two 8-mm 
(0.315-in) machine-guns, and was powered by 
а 260-hp (194-kW) engine. The same basic 
chassis/hull combination was later fitted with a 
modified turret accommodating а 75-mm 
(2.95-in) main gun to produce the Turan II. 

In competition with the S-llb CKD/Praga 
developed its V-8-H medium tank, which was a 
much superior vehicle ordered for Czech ser- 


vice as the ST-39 in a 300-vehicle productio- 
programme involving CKD/Praga and Skoda 
Only the prototypes had been produced by the 
time Czechoslovakia was occupied, and fur- 
ther development of this four-man 16,500-kc 
(36,376-Ib) tank effectively ceased. The typ 
was armed with one 47-mm gun and twc 
7.92-mm (0.312-in) machine guns, and was ar- 
moured to a maximum thickness of 50 mm 
(1.98 in) 

After the rise of the Fascist party under 
Benito Mussolini, Italy increasingly swayed 
from its First World War alliance with France 
and the UK towards a political adherence to 
Germany, especially after the rise of the Naz 
party in Germany. This commonality of right- 
wing political beliefs led to a formal alliance 
between Germany and Italy in May 1939. As 
noted above, Italy had perceived little utility for 
the tank in the context of its particular opera- 


Carro d’Assalto Fiat Tipo 3000 
Modello 21 
(Italy) 


Type: light assault tank 
Crew: 2 

Combat weight: 5,500 kg (12,125 Ib) 
Dimensions: length overall 4.17 m (13.68 ft) in- 
cluding removable tail or 3.61 m (11.84ft) | 
without tail; width 1.64 m (5.38 ft); height 2.19 m 
(7.185 ft) 

Armament system: two 6.5-mm (0.256-in) SIA or 
Fiat machine-guns with 2,000 rounds 

Armour: between 6 and 16 mm (0.24 and 0.63 in) 
Powerplant: one 37.3-kW (509-hp) Fiat petrol 
engine with 90 litres (20 Imp. gal.) of fuel 
Performance: speed, road 24 km/h (14.9 mph); 
range, road 95km (59 miles); fording 1.1m 
(3.6 ft); gradient 60%; vertical obstacle 0.6 m 
(1.97 ft); trench 1.50 m (4.9 ft); ground clearance 
0.35 m (13.8 in) 


Fiat 3000 Mod 21 «———— 
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tional scenario in the First World War, but 
nevertheless developed one important type 
(the limited-production Fiat 2000 heavy tank), 
improved on the Renault FT and imported 
others. With the end of the First World War, 
Italian orders were immediately curtailed from 
1,400 to a mere 100 examples of Italy's modi- 
fied FT, the Fiat 3000. This served the Italian 
army well right into the 1930s, and it was the 
late 1920s before serious consideration was 
given to a successor. 

For a variety of economic, tactical and in- 
dustrial reasons, Italy was drawn to the exam- 
ple of the Carden-Loyd Mk VI tankette, which 
offered useful though limited capabilities but 
the possibility of large-scale production at 
modest cost by an automotive and armament 
industry with only small capacity for heavy 
engineering. The result was the CV.29, the 
prefix standing for Carro Veloce (fast vehicle, 
otherwise a tankette) and the suffix for the 
year of design (1929). The CV.29 was very 
Similar to the Mk VI, and was built in small 
numbers (25 examples) largely as a trials 
variant. The vehicle was produced by Ansalso 
with a 40-hp (29.8-kW) Fiat-built Ford Model T 
petrol engine for a maximum speed of 40 km/h 
(24.9 mph) at a weight of 1,700 kg (3,748 Ib). An 
open-topped vehicle with a crew of two, the 
CV.29 was armoured to thicknesses between 
4 and 9 mm (0.16 and 0.35 in), and the arma- 
ment was a single 6.5-mm (0.26-in) machine- 
gun, the original water-cooled weapon being 
rapidly replaced by an air-cooled version of the 
same basic design. Practical experience in 


building and operating the CV.29 paved the 
way for an improved version of Italian origin, 
produced in prototype form as the CV.3 and, 
after evaluation in 1932 and 1933 with dif- 


ferent running gear and water- or air-cooled 
machine-gun armament, standardized for ser- 
vice as the CV.33 (sometimes rendered 
CV.3-33). The order was for 1,300 vehicles, of 
which 1,100 were armed with a 6.5-mm 
(0.26-in) machine-gun under the designations 
CV.33 Serie | and the other 200 with two 8-mm 
(0.315-in) machine-guns under the designation 
CV.33 Serie Il. Most, Serie | tankettes were 
later brought up to Serie II standard, but this 
could not disguise the overall obsolescence of 
the type. The CV.33 was admittedly light 
enough for air-portability and possessed a 
commendably low silhouette, but had all the 
operational limitations of a tankette in terms of 
minimal armament and armour: yet this was 
all that Italian industry could manage in the 
mid-1930s, and the type did provide experi- 
ence in the operation and maintenance of 
tracked vehicles. Considerable development 
was undertaken on the basis of this simple 
vehicle. The CV.35 (sometimes rendered 
CV.3-35) had a redesigned hull of bolted rather 
than riveted construction and slightly revised 
suspension, but was otherwise unaltered from 
the CV.33, while the L.38 of 1938 was a more 
ambitious updating of the basic concept, with 
strengthened suspension, new tracks, im- 
proved vision devices, and an armament of 
one 13.2-mm (0.52-in) Breda machine-gun, 
revised in 1940 to one 20-mm Solothurn 


The principal production 


version of the CV.33 
was the CV.33/II 
(otherwise CV.35 or 


family 


CV.3/35) with twin 8-mm 


(0.315-in) machine 
(RAC Tank Museum 


juns. 
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The flamethrower version 
of the CV.33 series was 
the L.35/Lf, later known as 
the L.3-35Lf, with the 
flame fuel carried in an 
armoured trailer. (RAC 
Tank Museum) 
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The 


513-1000 cannon. 1938 system of 
nomenclature led to the redesignation of the 
CV.33 as the L.3-33 and the CV.35 as the L.3-35 
in the L-series of Leggero (light) tanks. The 
CV.33 was intended primarily for security and 
reconnaissance duties in association with 
heavier tanks, but the nature of the Italian in- 
dustrial machine meant that when Italy 
entered the Second World War in June 1940, 
her armoured forces were still equipped large- 
ly with the L.3, which had therefore to be used 


Carro Veloce L.3-33 
(Italy 


Type: tankette 
Crew: 2 

Combat weight: 3,250 kg (7,165 Ib) 

Dimensions: length overall 3.20m (10.50 tt); 
width 1.40 m (4.59 ft); height 1.28 m (4.20 ft) 
Armament system: one 6.5-mm (0.256-in) Fiat 
machine-gun with 2,240 rounds 

Armour: between 6 and 13.5mm (0.24 and 
0.53 in) 

Powerplant: one 32-kW (43-пр) Fiat CV3-005 
petrol engine with 62 litres (13.6 Imp. gal.) of fuel 
Performance: speed, road 42 km/h (26.1 mph); 
range, road 120 km (74.6 miles); fording 0.7 m 
(2.3 ft); gradient 100% ; vertical obstacle 0.65 m 
(213 1); trench 1.45m (4.75 ft); ground 
clearance 0.23 m (9.1 in) 


Carro Veloce L.3-33 


for combat roles of a type for which it had 
never been designed: losses were high, the 5- 
to 15-mm (0.2- to 0.59-in) armour not being pro- 
of against British armoured car projectiles, let 
alone anti-tank weapons. The L.3 series was 
also developed for other roles in variants such 
as the Carro d'Assalto Lanciafiamme 35 (or 
from 1940 as the L.3-35/Lf) flamethrower with 
an armoured trailer containing 500 litres 
(110 Imp gal) of flame fuel that could be fired 
to a range of 100 m (110 yards); the L.3-35/r 
command version with extra radio equipment, 
andoften no armament to allow the installation 
of a mapboard; the Carro Veloce Passerella 
armoured vehicle-launched bridge; the Carro 
Veloce Recupero armoured recovery vehicle; a 
radio-controlled demolition vehicle; an anti- 
aircraft vehicle with an 8-mm (0.315-in) machine- 
gun; and the Semovente L.3 da 47/32 self- 
propelled anti-tank mounting with a 32-calibre 
47-mm anti-tank gun in a limited-traverse 
mounting in the forward part of the hull. 
Private-venture developments in this period 
were unsuccessful, the two most notable ex- 
amples being the Ansaldo Carro Armato 
Modello 32 12,000-kg (26,455-Ib) medium tank 
and its 8,000-kg (17,637-Ib) light tank develop- 
ment. The Modello 32 was a turretless design 
armed with a 45-mm howitzer and four ma- 
chine-guns, and was powered by a 75-hp 
(55.9-kW) Fiat truck engine, while the light tank 
had a purpose-designed diesel engine, а 
40-mm gun in a limited-traverse mounting in 
the hull superstructure, and two 8-mm 
(0.315-in) machine-guns in a small turret 
These designs paved the way for another un- 
successful type, the Fiat-Ansaldo Carro Can- 
none. This was a 5,000-kg (11,023-Ib) machine 
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with a 42-hp (31.3-kW) petrol engine, and was 
developed through three forms: the first pro- 
totype had a high superstructure accommoda- 
ting a hull-mounted 37-mm anti-tank gun, and 
was then revised to include a turret armed with 
two 8-mm (0.315-in) machine-guns, while the 
Second prototype was fitted with a turret- 
mounted 37-mm gun. This led to the Fiat- 
Ansaldo L.6/40 light tank, of which 283 were 
ordered to begin a programme of L.3 replace- 
ment. The first prototype ran in 1940 and pro- 
duction began in 1941, lasting into 1942. 
Prototypes were evaluated with different tur- 
rets, one accommodating two 8-mm (0.315-in) 
machine-guns, and the other one 37-mm gun 
plus an 8-mm (0.315-in) coaxial machine-gun. 
The production standard was one Breda 
20-mm cannon and one 8mm (0.315-in) coax- 
ial machine-gun in a riveted turret manned by 
а single commander/gunner. The only other 
crew member was the driver sitting at the front 
of the 6,800-kg (14,991-Ib) vehicle, which was 
powered by a 70-hp (52.2-kW) SPA 180 petrol 
engine for a maximum speed of 42 km/h 
26.1 mph). The armour protection was modest 
but adequate, varying in thickness from 6 to 
30 mm (0.24 to 1.18 in). The chassis was also 
used as the basis for the Semovente L.40 self- 
propelled mounting fitted with a 47-mm anti- 
tank gun in a limited-traverse mounting. 
Another stream of development from the 
Ansaldo light tank of 1935 resulted in the Carro 
Armato M.11/39, which was the first of the M- 
series of Medio (medium) tanks and destined 
to become Italy's most important tank of the 
Second World War. The design was started in 
1936, and then pursued with considerable 
vigour after combat experience in the Spanish 
Civil War had revealed to the Italians the total 
inadequacy of the CV.35 in the face of even 
moderate anti-tank capability. The first pro- 
totype was completed in 1937, and used runn- 
ing gear modelled on that of the CV.33/CV.35 
series combined with the 105-hp (78.3-kW) 
SPA 8T diesel engine and armament layout of 
the 8,000-kg (17,637-Ib) 1935 light tank. In 
1938 a revised prototype introduced the runn- 
ing gear of the production model, and this run- 
ning gear was also used on subsequent Italian 
tracked vehicles in the Second World War: on 
each side it comprised eight small road wheels 


Carro Armato L.6/40 


Carro Armato L.6/40 
(Italy) 


Type: light tank 

Crew: 2 

Combat weight: 6,900 kg (15,212 Ib) 
Dimensions: length overall 3.78m (12.40 ft); 
width 1.92 m (6.30 ft); height 2.03 m (6.66 ft) 
Armament system: one 20-mm Breda cannon 
with 296 rounds and one 8-mm (0.315-in) Breda 
machine-gun with 1,560 rounds 

Armour. between 6 and 30 mm (0.24 and 1:18 in) 
Powerplant: one 52.2-kW (70-hp) SPA 18 D petrol 
engine with 145 litres (32 Imp. gal.) of fuel 
Performance: speed, road 42 km/h (26.1 mph); 
range, road 200 km (124 miles); fording 0.8 m 
(2.6 ft); gradient 60%; vertical obstacle 0.7 m 
(2.3 ft); trench 1.7 m (5.6 ft); ground clearance 
0.35 m (13.8 in) 


Though based on the 
chassis of the L.3 (CV.33) 
tankette, L.6/40 was a true 
if ineffective light tank with 
a 360 traverse turret 
accommodating a 20-mm 
cannon. (RAC Tank 
Museum) 


SYCLOPAEDIA OF THE TANK 


M.11/39 was obsolete 
п аз it entered 

ice, and after a 

ere mauling by British 
our and anti-tank guns 
ts debut engagements 
withdrawn from 
гуісе іп 1941. (RAC 
Тапк Миѕеит) 


(Italy) 


Type: medium tank 
Crew: 3 


0.36 m (14.2 in) 


Carro Armato M.11/39 


Combat weight: 11,175 kg (24,636 Ib) 
Dimensions: length overall 4.73 m (15.52 ft); 
width 2.18 m (7.15 ft); height 2.30 m (7.55 ft) 
Armament system: one 37-mm gun with 80 
rounds and two 8-mm (0.315-in) Breda machine- 
guns with 2,808 rounds 

Armour: between 6 and 30 mm (0.24 and 1.18 in) 
Powerplant: one 78.3-kW (105-hp) SPA 8 T diesel 
with 145 litres (32 Imp. gal.) of fuel 
Performance: speed, road 33.3 km/h (20.7 mph); 
range, road 200 km (124 miles); fording 1.0 т 
(3.3 ft); gradient 70%; vertical obstacle 0.8 т 
(2.6 ft); trench 2.0 m (6.56 ft); ground clearance 


Carro Armato M.11/39 


in two-wheel bogies sprung by semi-elliptica 
leafsprings; the drive sprocket was at the front 
and the idler at the rear, and there were three 
track-return rollers. The armour was still too 
thin for the type of armoured operations that 
were now becoming inevitable, but the arma- 
ment was adequate in overall terms, though 
distinctly hampered by its specific layout. The 
turret's only occupant was the commander. 
who thus had to undertake all the respon- 
Sibilities of tactical control and also operate 
the two 8-mm (0.315-in) Breda machine-guns. 
while the hull accommodated at the front the 
driver and behind him the gunner for the 
37-mm main gun, which could be moved in. 
elevation through an arc between -8° and 
+12°, but in traverse through the distinctly 
small arc of only 30°. The M.11/39 entered 
service in 1940, and was immediately reveal- 
ed by an alarming loss rate as totally obsolete 
in basic concept. The Italians were at this time 
planning a new series of armoured fighting 
vehicles for the Second World War, and these 
are covered in the next chapter. 

The third of the Axis powers was Japan. 
which had fought on the Allied side in the First 
World War, but then fell under the sway of in- 
creasingly right-wing military administrations 
and so drifted with an apparent inexorability in- 


t—— 


to the same political arena as Germany and 
Italy; in 1940 the three countries signed the 
German-Italian-Japanese Axis agreement, а 
10-year mutual assistance pact. Japan was 
slow to enter the field of armoured warfare, 
though in 1918 she received small quantities 
of tanks from France (Renault FT) and the UK 
(Tanks Mk V and Medium Tank Mk A). These 
were adequate for Japanese purposes until 
well into the 1920s, though an effort was made 
to keep abreast of major development through 
small-scale purchases of tanks such as the 
Renault NC 1 (with the Japanese designation 
Otsu-Gata Sensha, in succession to the Ko- 
Gata Sensha used for the FT with the 37-mm 
gun turret) from France, the Vickers Medium 
Tank Mk C, the Carden-Loyd Amphibious Tank 
and Carden-Loyd Mk VI tankette from the UK, 
and some Christie tanks from the USA. 

In 1925 the Japanese army established two 
specialist tank companies (one of them attach- 
ed to the infantry school for tactical evalua- 
tions) and instituted an indigenous tank devel- 
opment programme. The first fruit of this effort 
was the Experimental Tank No. 1, produced in 
1927 at the Osaka Arsenal as a five-man multi- 
turret machine weighing some 20,000 kg 
(44,092 Ib). The running gear of this machine 
was made up on each side of 19 small road 
wheels, grouped mainly in pairs and supported 
by two-stage leafsprings: the tank was 
powered by a 140-hp (104-kW) petrol engine, 
and this allowed a maximum speed of only 
20km/h (12.4 mph). The main turret was 
modelled on that of the NC 1, but featured a 
short-barrel 57-mm gun, while the two sub- 
sidiary turrets were located fore and aft of the 
main turret and each featured a single 6.5-mm 
(0.256-in) machine-gun. Unhappy with the per- 
formance of this first effort, the Japanese 
reworked the concept as the Experimental 
Heavy Tank, which emerged from the Osaka 
Arsenal in 1930 with its weight reduced by 
2,000 kg (4,409 Ib) through the use of thinner 
armour, but the main armament improved by 
the use of a 70-mm (2.76-in) main gun and the 
addition of another 6.5-mm (0.256-in) machine- 
gun in the left-hand side of the main turret. The 
running gear was modified (the number of road 
wheels on each side being reduced to 17), but 
there was no appreciable increment in perfor- 


mance or cross-country agility. The Japanese 
thought that the multi-turret heavy tank retain- 
ed a tactical value, and therefore continued 
development right up to 1935, by which time a 
new designation system had been adopted. 
This was based on a two-digit (from 1940 a 
one-digit) type number indicating the relevant 
date, based on the founding of the Japanese 
empire in the year 0 (660 BC by Western 
dating), and in-service types were retrospec- 
tively redesignated: for example, the Ko-Gata 
Sensha became the Medium Tank Type 79. 
The official type designation was often suffix- 
ed by a manufacturer's name and, in some in- 
stances, by an official name: the Light Tank 
Type 95 was thus given the manufacturer's 
name Ha-Go, and the official name Ke-Go. 

The first heavy tank in the new system was 
the Heavy Tank Type 91, indicating the 
Japanese year 2591 (1931 AD). This was 
similar to the Experimental Heavy Tank, but 
had a new gearbox and wider tracks, and a 
revised turret without the stroboscopic vision 
cupola of the earlier models. The ultimate ex- 
pression of the concept was the Heavy Tank 
Type 95, a 24,000-kg (52,910-Ib) machine with 
armour varying in thickness from 12 to 30 mm 
(0.47 to 1.18 in), and its armament in three tur- 
rets: the main unit sported a 70-mm (2.76-in) 
gun and a single 6.5-mm (0.256-in) machine 
gun, the forward unit had a 37-mm gun, and 
the rear unit was armed with a single 6.5-mm 
(0.256-in) machine-gun. The running gear was 
revised to nine leaf-sprung road wheels on 
each side, and in concert with a 290-hp 
(216-kW) petrol engine this provided a max- 
imum speed of 22 km/h (13.7 mph). 

By 1935 the Japanese had come to ap- 
preciate at last that the multi-turret tank was 
obsolescent as a concept, and also did not fit 
in with the plans for either Asian or Pacific 
operations. At the same time it was clear that 
Japanese industry was not adequate for the 
development and construction of such land 
behemoths in useful numbers, and accord- 
ingly the decision was taken to concentrate on 
light and medium tanks, together with a 
number of tankettes that could double as trac- 
tors for armoured ammunition resupply 
trailers. The inspiration for this requirement 
was found in the small number of Carden-Loyd 
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pe 91 heavy tank 

veloped at the 

al Japanese Army's 

Arsenal, and is 
imes known as the 
92 as it was 

leted in the 
nese year 2592 
(1932). It paved the way 
for the ultimate multi- 
turret Japanese tank, the 
Type 95, which was then 
abandoned as the army 
decided to concentrate 
limited resources and 
production facilities on 
lighter tanks. (RAC Tank 
Museum) 


Mk VI tankettes which the Japanese army had 
bought from the UK in the late 1920s. After ex- 
tensive evaluation of these vehicles the Japan- 
ese decided in 1933 to produce their own 
equivalent to meet the trailer-tractor require- 
ment, and this emerged as the Tankette Type 
94 (frequently known in the West as the Type 
92, in perpetuation of a US intelligence failure). 
Weighing 3,400 kg (7,496 Ib) and powered by a 
32-hp (23.85-kW) Type 94 petrol engine for a 
maximum speed of 40 km/h (24.9 mph), the 
Type 94 was of riveted construction, with ar- 
mour varying in thickness between 4 and 
12mm (0.16 and 0.47 in) The driver and 
engine were located at the front, and the com- 


mander/gunner sat in a small turret towards 
the rear of the vehicle over a compartment ac- 
cessed by a rear door for the simp! 
loading/unloading of stores. The turret was 
armed with a single 6.5-mm (0.256-in) ma- 
chine-gun, later replaced by a 7.7-mm 
(0.303-in) weapon. The running gear on each 
side of the vehicle consisted of four rubber- 
tyred road wheels in two-wheel bellcranked 
bogies separated by a horizontal compression 
Spring, the whole arrangement providing 
moderately good cross-country performance. 
Even so it was felt that improvements were 
both necessary and feasible, and this led to an 
updated model with greater track length in 


The Japanese Type 94 
tankette was modelled on 
the Carden-Loyd Mk VI, 
and the one-man turret 
was traversed by 
pressure on the 
commander/gunner's 
shoulders against the 
machine-gun mounting 
(RAC Tank Museum) 
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contact with the ground. The Type 94 began to 
enter service in 1934, and was widely used as 
a front-line vehicle into 1943, thereafter fading 
into second-line roles during 1944 and 1945. 
Experience with these two Type 94 variants 
proved highly important in the development of 
Japanese tactics for light armour, and also 
paved the way for the Tankette Type 97 Te-Ke, 
which entered service in 1938 and remained in 
service with the Japanese army up to the end 
of the Second World War. One Type 94 had 
been trialled with a 65-hp (48.5-KW) diesel 
engine for greater operational safety, as well 
as improved range on a given fuel load, and 
such an engine was specified for the Type 97, 
which emerged as a substantially larger vehi- 
cle than the Type 94, with an overall length of 
3.682 m (12.08 ft) compared with the Type 
94's 3.08 m (10.1 ft). The weight of the Type 97 
was 4,750kg (10,471 10), and the 65-hp 
(48.5-kW) Ікеда diesel engine provided for a 
maximum speed of 42 km/h (26.1 mph) and a 
range of 250 km (155 miles), compared with 
the Type 94's 210 km (130 miles). The suspen- 


Type 97 Te-Ke 


Tankette Type 97 (Te-Ke) 
(Japan) 


Type: tankette 
Crew: 2 

Combat weight: 4,750 kg (10, 472 Ib) 
Dimensions: length overall 368m (12.08 ft); 
width 1.803 m (5.92 ft); height 1.773 m (5.82 ft) 
Armament system: one 37-mm gun with 96 
rounds 

Armour: between 4 and 16 mm (0:16 and 0.63 in) 
Powerplant: one 48.5-kW (65-hp) кеда diesel 
engine with 90 litres (19.8 Imp. gal.) of fuel 
Performance: speed, road 42 km/h (26 mph); 
range, road 250 km (155 miles); gradient 60%; 
vertical obstacle 0.81 m (2.67 ft); trench 1.7m 
(5.58 ft) 


sion and tracks were basically similar to those 
of the Type 94, but the turret was generally 
armed with a 37-mm Type 94 anti-tank gun, 
provided with 96 rounds; in some vehicles, 
however, this weapon was replaced by a 
7.7-mm (0.303-in) machine-gun. With a crew of 
two the Type 97 was tactically impoverished, 
because the commander was also the gunner 
and loader. The Japanese army appreciated 
that the Type 97 was obsolete by the beginning 
of the Second World War, but the type re- 
mained in production for lack of an adequate 
replacement, and in fact performed usefully 
against the Chinese until the end of the war. 
In parallel with its tankette interests, the 
army was also concerned with the develop- 
ment and introduction of amphibious tanks: 
the generally poor land communications of 
mainland Asia meant that there was a dearth 
of bridges and modern ferries, so sustained 
land operations called for an amphibious 
capability of significant size. The starting point 
for this effort was the Combat Car Type 92, 
essentially a three-man heavy tankette design- 
ed for the support of cavalry in deep tactical 
operations. The running gear suspension was 
again based on four road wheels per side, 
located like those of the tankettes in two-wheel 
bogies, but here attached on a longer and 
wider hull with the drive sprockets at the ex- 
treme front and the idlers at the rear: the result 
was a long track length of bowed appearance, 


The Type 97 was the last 
tankette developed in 
Japan, and somewhat 
larger than its 
predecessors, allowing 
the use of a turret- 
mounted 37-mm gun 
rather than a machine- 
gun. (RAC Tank Museum) 


133 


LOPAEDIA OF THE TANK 


2 92 combat car 
вауу tankette for 
зпеѕе cavalry. 
nearly model 
small bogie 
rather than the 
ger road wheels of 
oduction 
ез. (RAC Tank 
Museum) 


134 


with only a comparatively short section in con- 
tact with the ground, in the centre. Weighing 
3,200 kg (7,055 Ib) and armoured to a max- 
imum thickness of only 6 mm (0.24 in), the 
Combat Car Type 92 was one of the world's 
first all-welded armoured fighting vehicles: in 
appearance it was very angular, and its arma- 
ment comprised a ball-mounted 6.5-mm 
(0.256-in) machine-gun in the bulged forward 
edge of the hull superstructure, and either one 
13.2-mm (0.52-in) and one 6.5-mm (0.256-in) 
machine-gun, or two 6.5-mm (0.256-in) ma- 
chine-guns in the 360? traverse turret. The 
Type 92 was powered by a 45-hp (33.6-kW) 
Ishikawajima petrol engine for a maximum 
speed of 40 km/h (24.9 mph). The prototype 
described above performed adequately, but 
the production variant was revised with dif- 
ferent running gear, based on three pairs of 
road wheels on each side for greater ground 
contact length. Weight rose to 3,500kg 
(7,716 Ib) and as the engine was unaltered this 
reduced speed to 35 km/h (21.75 mph) with a 
standard turret armament of one 13.2-mm 
(0.52-in) and one 6.5-mm (0.256-in) machine- 
gun. That the running gear was still not sat- 
isfactory is indicated by the fact that in late- 


production examples of the Type 92, the runn- 
ing gear reverted to four road wheels on each 
Side, though these wheels were somewhat 
larger than those of the prototype, and spoked 
rather than solid. 

From the Combat Car Type 92 the army 
sought to develop an amphibious version, the 
Amphibious Combat Car Type 92 (A-I-Go). The 
welded hull was waterproofed and increased 
in volume, while a propeller and floats were ad- 
ded, but the variant did not proceed past the 
prototype stage. Instead the experience gain- 
ed with this machine was used for the Am- 
phibious Tank SR- (I-Go), a 1933 development 
with buoyancy chambers, two two-wheel 
bogies on each side, and armament of one 
6.5-mm (0.256-in) machine-gun іп a light turret. 
The type was powered by a Mitsubishi diesel, 
and of the two prototypes one was water- 
propelled by a pumpjet. This experimental 
model was succeeded by the Amphibious 
Tank SR-II (Ro-Go), a 4,000-kg (8,818-Ib) ma- 
chine with Horstmann suspension on the two 
twin-wheel bogies on each side, and powered 
by a petrol engine for a land speed of 40 km/h 
(24.9 mph) and a water speed of 8 km/h 
(4.9 mph), driven by two propellers. The much 
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improved octagonal turret was fitted with two 
7.7-mm (0.303-in) machine-guns. At this point 
the army became disenchanted with the am- 
phibious tank concept, and further develop- 
ment fell to the navy, who saw a greater need 
for such vehicles within the context of the am- 
phibious operations planned for its marine 
corps in the island campaigns of the Second 
World War. 

Greater attention was devoted to the light 
tank by the Japanese than by most Western 
nations. From the Western point of view this 
Japanese interest may seem backward, but 
the nature of Far Eastern operations in fact 
fully validated the Japanese army's primary 
premise, and it was only when these vehicles 
were required to face American and British 
medium tanks that their shortcomings be- 
came crucial. Japan's first essay into the light 
tank design field was the Light Tank Type 89 
Experimental Tank No.2, evolved largely from 
the Vickers Medium Tank Mk C bought from 
the UK in 1927. The Type 89's running gear 
comprised nine leafsprung road wheels and 
five track-return rollers on each side, and the 
forward-mounted turret was fitted with a 
37-mm or, according to some sources, 57-mm 


gun and a rearward-firing 6.5-mm (0.256-in) 
machine-gun, a second machine-gun of the 
same type being located in the bow. The crew 
was four men, and at a weight of 9,800 kg 
(21,605 Ib) the vehicle was driven at a max- 
imum speed of only 25 km/h (15.5 mph) by its 
105-hp (78.3-kW) Daimler petrol engine. The 
prototype appeared in 1929, but it soon be- 
came clear in trials that it was better suited to 
the medium tank role. 

First into production, therefore was the 
Light Tank 95 (Ha-Go), without doubt the best 
tank produced and deployed in quantity by the 
Japanese in the Second World War. The pro- 
totype was built by either the Sagami Arsenal 
or Mitsubishi, and extensively evaluated in 
Japan and under the operational conditions 
encountered in China before production was 
entrusted to Mitsubishi, which built about 
1,250 examples from its own and sub-contrac- 
ted assemblies. The type began to enter ser- 
vice in 1935, and for its time was a capable 
machine, as good as any light tank in the 
world, the provision of an interior layer of 
asbestos proving useful in reducing interior 
heat and protecting the crew from damage as 
the tank moved at speed across country. 


A Japanese Type 95 light 
tank knocked out in the 
December 1941 fighting 
for Malaya. Well displayed 


on the turret, which is 
traversed to the tank's 


left, are the 37-mm main 


gun and the 7.7-mm 
(0.303-in) machine-gun 
the turret rear. Not so 
evident is the built-out 
nature of the 


in 


compartment for the hull 


machine-gun. (/WM) 
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Well camouflaged Type 
95 light tanks of the 
Imperial Japanese army 
on the move in Malaya 
during January and 
February 1942. (Fujifotos, 
Tokyo) 


The machine was based on a welded and 
riveted hull made of armour varying in 
thickness from 9 to 12 mm (0.35 to 0.47 in), 
and locating in its forward compartment the 
driver and the gunner for the 6.5-mm (0.256-in) 
bow machine-gun. Behind them was the 360° 
traverse turret, which was again of welded and 
riveted construction: here was the third crew 
member, the commander, who had in addition 
to his command responsibilities the task of 
loading, aiming and firing the 37-mm Type 94 
main gun. At the rear were the Mitsubishi NVD 
6120 diesel engine and its transmission, the 
120 hp (89.5 kW) of this powerplant being suf- 
ficient to propel the 7,400-kg (16,314-Ib) Type 
95 at the respectable speed of 45 km/h 
(28 mph). By this time the Japanese had con- 
siderable practical experience with the 
bellcrank type of suspension, and this was us- 
ed in the Type 95: on each side the running 
gear comprised two bogies, each of two 
rubber-tyred road wheels, resisted by a 
horizontally mounted compression spring. The 
drive sprockets were at the front and the idlers 
at the rear, and on each side there were two 
track-return rollers. In Manchuria it was found 
that the Type 95 suffered severe pitching in 
cross-country operations, and some vehicles 
were modified to Light Tank Type 95 Special 
standard, with the wheels of each bogie coupl- 


Type 95 Ha-Go | 


Sonia 


Light Tank Type 95 (Ha-Go) 
(Japan) 


Type: light tank 

Crew: 3 | 
Combat weight: 7,400 kg (16,314 Ib) | 
Dimensions: length overall 4.38 m (14.375 ft); | 
width 2.057 m (6.75 ft); height 2.18 m (7.17 ft) 
Armament system: one 37-mm gun with 19 
rounds and two 7.7-mm (0.303-in) Type 97 
machine-guns with 2,940 rounds 

Armour: between 6 and 12 mm (0.24 and 0.47 in) 
Powerplant: one 89.5-KW (120-hp) Mitsubishi 
NVD diesel engine with 100 litres (22 Imp. gal.) of 
fuel 

Performance: speed, road 45 km/h (28 mph); 
range, road 245 km (152 miles); fording 1.0m 
(3.28 ft); gradient 45*; vertical obstacle 0.81 m 
(2.67 ft); trench 1.8 m (5.92 ft); ground clearance 
0,39 m (15.4 in) 
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ed by an inverted triangular bogie bolster. 
Operations also confirmed that better arma- 
ment was desirable, and the 6.5-mm (0.256-in) 
bow machine-gun was replaced by a 7.7-mm 
(0.303-in) weapon, another 7.7-mm (0.303-in) 
machine-gun was added on the right-hand side 
of the turret rear for use by the already over- 
worked commander/gunner, and finally the 
original Type 94 main gun was replaced by a 
Type 98 weapon of the same calibre but higher 
muzzle velocity. 

The Type 95 was a major improvement over 
the Japanese army's previous light tanks, but 
was soon involved in a major programme to 
produce improved variants. The first of these 
was the Light Tank Type 98 (Ke-Ni), which was 
schemed with two alternative types of running 
gear and built by Mitsubishi and Hino: the Type 
98-Ko (Type 98-A) used three two-wheel 
bogies (plus three track-return rollers) on each 
Side and had front-sprocket drive controlled by 
the driver's steering wheel, while the Type 
89-Otsu (Type 98-B) had Christie-type running 
gear, comprising on each side four large- 
diameter road wheels individually coil-sprung 
via bellcranks and a rear drive sprocket. The 
Type 98-Otsu did not progress beyond the pro- 
totype stage, but the Type 98-Ko finally en- 
tered production in 1942 for construction to a 
maximum of perhaps 200 vehicles though 
Some sources suggest only 100 vehicles. The 
Ke-Ni used a greater proportion of welding 
than the Ha-Go, and was armoured to a max- 
imum thickness of 14mm (0.55 іп). The 
armour was also better shaped, and the arma- 
ment comprised one 37-mm Type 100 high- 
velocity gun and two 7.7-mm (0.303-in) ma- 
chine-guns. A 150-hp (112-kW) supercharged 
diesel engine was fitted, and this provided the 
7,200-kg (15,873-Ib) tank with a maximum 
speed of 50 km/h (31.1 mph). The Ke-Ni's pro- 
duction arid service debuts had been delayed 
by user satisfaction with the original Ha-Go, 
and by the time the type began to appear in 
1942, shortly after Japan's entry into the Se- 
cond World War, the day of the light tank was 
effectively over except in the peculiar condi- 
tions of Japanese army operations in mainland 
China, to which the Ke-Ni was admirably 
Suited. Essentially similar to the Ke-Ni was the 
Light Tank Type 2 (Ke-To) with a 37-mm Type 1 


main gun, secondary armament limited to one 
7.7-mm (0.303-in) machine gun, and armour 
varying in thickness between 6 and 16 mm 
(0.24 and 0.63 in). Only a few were built after 
the start of production in 1944. 

Closer to the original Ha-Go were the Light 
Tank Type 3 (Ke-Ri) and Light Tank Type 4 (Ke- 
Nu). Both were based on the hull of the Type 
95, the Type 3 having the standard turret re- 
worked to accommodate the 57-mm gun of the 
Medium Tank Type 97, and the Type 4 being fit- 
ted with the complete turret/gun assembly of 
the Medium Tank Type 97. The Light Tank 
Туре 3 weighed 7,400kg (16,314 Ib) and 
proved impractical because of its extremely 
cramped turret, and the Light Tank Type 4 was 
too unwieldy at a weight of 8,400kg 
(18,519 Ib). 

Properly speaking, Japan's last light tank 
falls into the purview of the next chapter, but is 
discussed here for the sake of completeness, 
as it never entered full-scale production. This 
was the Light Tank Type 5 (Ke-Ho), which was 
designed in 1942 and evaluated in prototype 
form with first-class results, but was not con- 
sidered for production unitl too late. It was a 
four-man machine turning the scales at 
10,000 kg (22,046 Ib) with armour varying in 
thickness from 8 to 20 mm (0.315 to 0.79 in). 
The tank was armed with one 47-mm Type 1 
antitank gun and one 7.7-mm (0.303-in) 
machine-gun, and powered by a 150-hp 
(112-kW) diesel engine could reach 50 km/h 
(81.1 mph). 


The Type 2 light tank was 
little more than the Type 
98-Ko fitted with Type 1 


rather than Type 100 


37-mm main gun. (RAC 


Tank Museum) 
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Next up the size scale comes the mediurr 
tank, which the Japanese saw as a battle tank 
with modest armour, good armament and only 
limited performance as a battlefield suppor: 
weapon for the infantry. Mention has been 
made above of the Light Tank Type 89 Experi- 
mental Tank No. 2, the 1929 prototype passec 
over in its designed cavalry role. This м: 
thought to form the basis of an adequate infan- 
try support tank, however, and further 
development produced the Medium Tank Type 
89, which was evolved in two forms as the 
Type 89-Ko (Type 89-A) and Type 89-Otsu 
(Type 89-B). Of these the Type 89-Ko was 
powered by a 105-hp (78.3-kW) Mitsubishi 
petrol engine adapted from an aircraft power- 
plant. The armour varied in thickness between 
10 and 17 mm (0.39 and 0.67 in), giving the 
tank an overall weight of 12,700 kg (27,998 Ib) 
and the armament was basically similar in 
disposition to that of the Light Tank Type 89 but 
comprised one 57-mm Type 90 main gun and 
two 6.5-mm (0.256-іп) machine-guns. The 
crew was four, and the maximum speed 
25 km/h (15.5 mph) 

The main theatres envisaged for operations 
by the Type 89 were China and Manchuria. In 
the latter, the Japanese faced the armour-rich 
Soviets, and extensive trials were undertaken 
to test the Type 89's battlefield performance in 
the terrain and climate of Manchuria. These 
trials confirmed the tank's adequacy in terms 
of battlefield agility, but revealed the limita- 
tions of the petrol engine under conditions of 
extreme cold. This resulted in the develop- 
ment of the Type 89-Otsu with a 115-hp 
(85.7-kW) Mitsubishi diesel engine for greater 
safety, better range and easier starting. The 
tank is sometimes known as the Medium Tank 
Type 94, as production started in 1934. Con- 
struction was undertaken by Mitsubishi and 
other manufacturers, resulting in a diversity of 
detail, such as one- or two-piece front plates, 
different skirt armour configurations and mod- 
ified cupolas. The weight was generally in the 
order of 13,000 kg (28,660 Ib), the additional 
weight being balanced by greater power for 
performance essentially unaltered from that of 
the Type 89-Ko. Many tanks serving in 
Machuria were fitted with an unditching tail of 
the type first seen on the Renault FT, in an ef- 
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fort to provide better trench-crossing capabil- 
ity. 

The Type 89 provided the Japanese army 
with valuable operational experience and 
lessons in the operation of medium tanks, and 
remained in service up to 1943, seeing service 
inthe Philippines as well as in China. But it was 
Clear from the comparatively early stage of the 
Type 89's career that the type was distinctly 
limited by its obsolescent layout and clumsy 
arrangement of nine small road wheels. In the 
mid-1930s the Japanese launched a com- 
petitive programme to find a new and con- 
Siderably more advanced medium tank. The 
two main competitors were the Experimental 
Medium Tank Chi-Ni designed by the army 
general staff and built by the Osaka Arsenal, 
and the Experimental Medium Tank Chi-Ha 
designed by the army engineering department 
and built by Mitsubishi. 

The three-man Chi-Ni appeared in 1937, at a 
weight of 10,000 kg (22,046 Ib) with armour up 
to 25 mm (0.98 in) thick. On each side the run- 
ning gear comprised four twin-wheel bogies 
with bellcranks to horizontal compression spr- 
ings, and there were three track-return rollers. 
The engine was a 135-hp (101-kW) petrol unit 
for a speed of 30 km/h (18.6 mph), and the ar- 
mament comprised опе turret-mounted 
57-mm Type 90 gun and one 7.7-mm (0.303-in) 


bow machine-gun. The single prototype was 
successfully evaluated, and production was 
on the cards and the army was still persuaded 
of the advantages of a lighter, cheaper and 
more easily manufactured tank. But with the 
outbreak of full-scale war in China during 1937 
the production decision finally went to the 
larger and heavier Chi-Ha. 

The Chi-Ha was thus standardized as the 
Medium Tank Type 97, a four-man machine 
weighing 15,000 kg (33,069 Ib) and armoured 
to thicknesses varying from a minimum of 
8mm (0.315in) to a maximum of 25mm 
(0.98 in). In basic concept the Type 97 was a 
scaled-up version of the Light Tank Type 95 
with a two-man turret, more potent armament, 
thicker armour and greater power to main- 
tain performance, despite the considerably 
greater weight. The hull was of riveted and 
welded construction, with the driver and gun- 
ner for the 7.7-mm (0.303-in) bow machine-gun 
in the forward compartment, the fighting com- 
partment in the centre, and the engine and 
transmission in the rear compartment. The tur- 
ret was surmounted by the commander's 
cupola, and its weapons comprised one 
57-mm Type 97 short-barreled tank gun and, in 
the rear face, one 7.7-mm (0.303-in) machine 
gun. The turret provided 360? traverse, but the 
main gun had a second pair of trunnions allow- 


The Type 89-Otsu medium 
tank was the diesel- 
engined version of the 
Type 89-Ko petrol-engined 
model. The variant was 
produced at different 
factories in Japan and 
Manchuria, and this 
resulted in differences 
such as the driver on the 
left and the 57-mm gun 
on the right, or vice 
versa. (RAC Tank 
Museum) 


Far left (top) Japanese 
Type 89-Otsu medium 
tanks on the move in 
China during the sino- 
Japanese war of the late 
1930s (IWM) 


Far left (bottom) A 
Japanese Type 89-Olsu 
tank crosses a partially- 
demolished bridge in 
China. (US Army) 
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Medium Tank Type 97 (Chi-Ha) 
(Japan) 


Type: medium (light) tank 
Crew: 4 

Combat weight: 15,000kg (33,069 Ib) with 
57-mm gun or 16,000 kg (35,273 Ib) with 47-mm 
gun 

Dimensions: length overall 5.516 m (18.10 ft); 
width 2.33m (7.64 ft); height overall 2.23 т 
(7.32 ft) 

Armament system: one 57-mm Type 97 or, in 
Type 97 (Special) one 47-mm Type 1 rifled gun 
with 120 or 104 rounds respectively, two 7.7-mm 
(0.303-in) Type 97 machine-guns (one bow and 
one turret rear) with 2,350 or, in Type 97 
(Special), 2,575 rounds; the turret was manually 
operated, the main gun was stabilized in neither 
elevation (— 9° to + 11°) nor azimuth (360°) with | 
a secondary pair of internal trunnion's giving an 
independent main armament traverse of 5° left 
and right, and simple optical sights were fitted 
Armour: riveted steel varying in thickness bet- 
ween 8 and 25 mm (0.315 and 0.98 in) 
Powerplant: one 126.75-kW (170-hp) Mitsubishi 
diesel engine with 197 litres (43.3 Imp. gal.) of 
fuel 

Performance: speed, road 38 km/h (23.6 mph); 
range, road 210 km (130.5 miles); fording 1.0 m 
(3.28 ft); gradient 57%; vertical obstacle 0.8 m 
(2.625); trench 2.5 m (8.2 ft); ground clearance 
0.36 m (14.2 in) 
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Type 97 Chi-Ha —— 


The Type 97 (Shinhoto 
Chi-Ha) medium tank was 
essentially the Type 97 
(Chi-Ha) carrying the 
turret of the Type 1 (Chi- 
He) complete with long- 
barrel 47-mm gun. (RAC 
Tank Museum) 
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ing a maximum 10? traverse independently of 
the turret; it could also be elevated in an arc 
between -9° and + 11°. The running gear on 
each side comprised six medium-diameter 
road wheels grouped into pairs of two-wheel 
bogies in the centre (with bellcrank suspen- 
Sion to a horizontal coil spring) and two 
singleton units at the ends, three track-return 
rollers, a front drive sprocket and a rear idler. 
Power was provided by a 170-hp (127-kW) Mit- 
subishi Type 97 diesel engine for a maximum 
Speed of 38 km/h (23.6 mph). The Type 97 
entered service in 1938 and remained in major 
service right to the end of the Second World 
War. The type marked a significant improve- 
ment over earlier Japanese tanks in its use of a 
two-man turret to leave the commander free 
for his primary task, and was well up to the 
Standard of contemporary light/medium tanks. 
It was destined to come up against increas- 
ingly powerful American and British tanks, 
however, and was found wanting in the three 
key areas of firepower, protection and mobili- 
ty. The major reason for this failing was a com- 
bination of poor industry capacity for the pro- 
duction of better medium tanks, and of the 
Japanese army's predilection for infantry sup- 
port rather anti-armour operations. This fact is 
confirmed by the use of comparatively short- 
barrelled guns firing their shells at modest 
velocities, and the devotion of most am- 
munition stowage to HE rather than armour- 
piercing rounds: in the Type 97 the main am- 
munition stowage of 120 rounds was allocated 
in the ratio two HE to one armour-piercing, 
whereas Western and Soviet tanks reversed 
this ratio in favour of armour-piercing ammuni- 
tion. 

But the Japanese were not totally blind to 


the progression of tank tactics, and sensibly 
provided the Type 97 with a turret ring of 
greater diameter than strictly required by the 
57-mm medium-velocity gun. This allowed the 
later development of the Type 97 (Shinhoto 
Chi-Ha), which was essentially the hull of the 
Type 97 fitted with the turret of the Medium 
Tank Type 1 complete with its 47-mm Type 1 
long-barrelled gun. This increased combat 
weight to 16,000 kg (35,273 Ib), but the longer 
gun provided for a muzzle velocity of 825 m 
(2.707 ft) per second, giving the projectile an 
armour-penetration capability of 70mm 
(2.76 in) at a range of 500 m (545 yards). Some 
104 rounds of 47-mm ammunition were car- 
ried, some of them HE rounds for the standard 
infantry support role. The basic hull of the Chi- 
Ha was judged excellent by the Japanese, and 
was used for a number of other tasks. These 
variants included the Command Tank (Shi-Ki) 
which had additional vision and communica- 
tion equipment, and a 37- or 57-mm short- 
barrelled gun in place of the bow machine-gun. 
The Recovery Tank (Se-Ri) had a conical turret 
armed with a single 7.7-mm (0.303-in) 
machine-gun, and its recovery equipment 
comprised a light jib at the rear. The Mine- 
clearing Tank G was essentially a standard 
Type 97 fitted with arms projecting from the 
front of the tank to carry two chain-fitted rotat- 
ing drums. The Observation Tank (Ka-So) was 
the Shi-Ki equivalent based on the Shinhoto 
Chi-Ha with a dummy main gun. The Bulldozer 
Tank was again based on the Shinhoto Chi-Ha, 
with a front-mounted dozer blade. Other 
models included self-propelled guns, a self- 
propelled anti-aircraft mounting, a ram tank for 
the creation of paths through Manchurian 
forests, and an armoured bridgelayer. 
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Such, then, was the main stream of tank 
development in the period between the two 
world wars. There had been some armoured 
conflict during the period, mostly notably bet- 
ween the Soviets and the Japanese in a 
number of border clashes in eastern Asia, and 
between the Nationalist and Republican 
forces in the Spanish Civil War, but these had 
lacked the sustained intensity to allow the 
drawing of valuable long-term conclusions. It 
was clear from these conflicts, however, that 
armour had a potentially decisive part to play, 
if reliability could be improved, numbers in- 
creased and offensive power boosted. The two 
countries that took these implications closest 
to heart were Germany and the USSR: the 
former used the Spanish Civil War to validate 
the basic premises of its new Blitzkrieg 
concept, and the latter decided that its con- 
Siderable capacity for tank design and produc- 
tion would be best used in the development of 
a new generation of high-speed tanks with 
superb cross-country performance, hard- 
hitting main armament, good protection and 
reliability enhanced by the ruthless elimination 
of less essential items of equipment. 

During the months leading to the Second 
World War, the German army mustered six ar- 
moured divisions (the 1st to 5th, and 10th 
Panzer Divisions) and four light divisions. The 
Panzer divisions each had an establishment of 
one tank brigade comprising two tank reg- 
iments, each of two four-company tank bat- 
talions, and one motorized infantry brigade 
comprising either one three-battalion infantry 
regiment plus one motorcycle battalion, or two 
two-battalion infantry regiments: on mobiliza- 
tion these divisions were modified, each tank 
battalion being reduced to three companies 
(two with light tanks and one with medium 
tanks), the erstwhile fourth company being 
used for training and depot duties and so 
reducing the company balance from 16 of 


tanks to 12 of infantry, to a wartime norm of 12 
of tanks to 12 of infantry. The light division w: 
the cavalry equivalent of the Panzer division 
having the same infantry strength but only а 
single three-battalion regiment of tanks: after 
the Polish campaign these light divisions 
became the 6th, 7th, 8th and 9th Panzer Divi- 
Sions. The Panzer divisions and the 4th Light 
Division were equipped with German tanks 
and the 1st, 2nd and 3rd Light Divisions with 
Czech tanks. The German equipment in ser- 
vice with these first-line divisions were the 
PzKpfw | and PzKpfw II light tanks, the small 
number of PzKpfw 111 battle and PzKpfw IV 
medium tanks being allocated mainly to the 
Panzer-Lehr Bataillon (the ordnance depart- 
ment's evaluation and demonstration unit) and 
the Aufklarungs-Lehr Bataillon (гесоп- 
naissance demonstration unit). 

For the beginning of the campaign in the 
West (10 May 1940), the 10 Panzer divisions 
had 35 tank battalions, and these were equip- 
ped with a total of 2,574 tanks, comprising 523 
PzKpfw І, 955 PzKpfw 11, 349 PzKpfw IIl, 278 
PzKpfw IV, 106 PzKpfw 35(t) and 228 PzKpfw 
38(t) machine-gun/gun tanks plus 135 com- 
mand tanks (96 and 39 on the chassis of the 
PzKpfw | and PzKpfw Il respectively). After the 
completion of the French campaign the 
number of Panzer divisions was increased to 
20: there were inadequate tank supplies for 
the creation of these new divisions on the ori- 
ginal 1935 pattern, so the tank brigade was 
reduced to a single regiment (in six divisions. 
with three tank battalions and in the others 
with only two tank battalions) balanced by a 
doubling of the infantry strength to two two- 
battalion infantry regiments plus one motorcy- 
cle battalion. Armoured strength was main- 
tained, however, by the upgrading of equip- 
ment, the battalion having two light companies 
with PzKpfw Ills and one medium company 
with PzKpfw IVs. This gave a tank strength of 
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150 per three-battalion tank regiment (1st to 
6th Panzer Divisions) and 100 per two- 
battalion tank regiment (7th to 20th Panzer 
Divisions). 

Of the 19 available Panzer divisions, 17 
were used in the opening moves of the Ger- 
man campaign against the USSR (21 June 
1941), organized largely into four Panzer ar- 
mies (Panzerarmee) with about 3,200 tanks 
between them. This was the high point in the 
fortunes of Germany's tank force, though on 
paper the establishment later rose to a peak of 
25 army and eight SS Panzer divisions in 1944. 
The army designation sequence included the 
ist to 27th Panzer Divisions, the 116th Panzer 
Division and the Panzer-Lehr Division, of 
which the 10th, 22nd and 27th were destroyed 
and not re-formed, and the 18th disbanded 
before 1944. The army divisions had a 
strength of two tank battalions (one of PzKpfw 
IVs and the other of PzKpfw V Panthers) each 
nominally of four 22-tank companies, but gen- 
erally of three 17-tank companies, while the 
more favoured SS Panzer divisions had a 
Strength of three or even four tank battalions. 

From late 1940 the mainstay of the Panzer 
battalions became the PzKpfw Ill battle tank 
and the PzKpfw IV medium tank, as the 
obsolescence of the PzKpfw | and PzKpfw 11 


forced the earlier tanks' relegation to secon- 
dary roles. The PzKpfw Ill was designed as the 
German army's standard battle tank, and 
entered its stride as a production weapon with 
the PzKpfw IIl Ausführung Н, the main produc- 
tion variant in the period between late 1940 
and the end of 1941. The first large-scale pro- 
duction variant, the PzKpfw Ill Ausf Е, had 
been allocated for production to several com- 
panies with little experience in the manufac- 
ture of armoured fighting vehicles, and had 
suffered in terms of production quantity and 
quality because of the comparatively complex 
manufacturing techniques required: therefore 
the PzKpfw Ill Ausf Н had features to ease 
mass production, the most important being 
new idlers and drive sprockets, and a trans- 
mission arrangement with a six-speed manual 
gearbox in place of the original 10-speed pre- 
selector box. Asa result of combat experience 
in Poland and the Western campaign, extra 
protection was added in the form of bolt-on 
plates, as well as a measure of spaced armour 
to defeat hollow-charge warheads. This 
boosted the PzKpfw 111 Ausf H's combat 
weight to 21,600 kg (47,619 Ib), and to reduce 
ground pressure from the 0.99 kg/cm? 
(14.1 Ib/sq in) of the Ausf F and Ausf G to the 
0.95-kg/cm* (13.5-Ib/sq in) figure of the Ausf E, 


Two PzKpfw Is and one 
PzKptw Ill move through 
a devastated French 
village during June 1940. 
(MARS) 
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wider 400-mm (15.75-in) rather than 360-mm 
(14.17-in) tracks were fitted. The 300-hp 
(224-kW) Maybach HL 120 TRM petrol engine 
introduced on the Ausf E was used in this and 
all later variants. Early examples of the 
PzKpfw Ill Ausf H retained the 50-mm KwK 
L/42 gun, but later examples were produced 
with the more capable KwK 39 L/60 weapon of 
the same calibre (see previous chapter), and 
this was retrofitted to tanks already in service. 
By the beginning of the campaign against the 
USSR in June 1941 some 1,500 PzKpfw III 
tanks were in service, and these performed 
creditably in the opening stages of the cam- 
paign. Here the experience of the crews and 
the relative maturity of the basic design swept 
Soviet armour away without difficulty. But 
from the end of 1941 the new breed of Soviet 
tanks, epitomized by the T-34 medium and KV 
heavy types, began to appear in growing 
numbers: the Soviet tanks crews were now of 
better tactical quality, but more importantly 
the protection of their vehicles proved too 
thick for effective penetration by the L/42 gun. 
A crash programme was launched to retrofit 
the German tanks with the L/60 gun, which en- 
tailed a reduction in ammunition capacity from 
99 to 84 rounds. To the dismay of the German 
authorities this longer version of the 50-mm 
gun also proved inadequate to the task of 


tackling the T-34 and KV at all except the point- 
blank ranges that were seldom achievable on 
the Eastern Front. A longer-term implication 
was that Hitler, on learning that his earlier in- 
structions to fit the L/60 weapon had not been 
obeyed immediately, started to take a more 
personal interest in the design and manufac- 
ture of German tanks, as well as in their 
deployment and tactical use. 

The comparatively small diameter of the 
PzKpfw Ill's turret ring now proved the 
decisive factor in developing a more capable 
variant: the 50-mm Krupp gun never proved 
entirely satisfactory, and the turret ring 
diameter effectively prohibited the installation 
of a high-velocity gun of greater calibre. All the 
Germans could do, therefore, was to step up 
production of better-protected models, in the 
hope that numbers would provide the Panzer 
arm with an edge over the Soviet tank force. It 
was an impossible task, and the PzKpfw Ill 
was rapidly overhauled in quality and quantity 
by Soviet production. At the same time the 
German tank crews found themselves steadily 
matched in tactical capability by the USSR's 
increasingly experienced men. The next pro- 
duction variant was the PzKpfw III Ausf J, 
which was similar to the Ausf H apart from a 
reduction in hull and turret vision slots to ease 
manufacture, and an increase in armour pro- 
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tection from а 30-mm (1.18-іп) to а 50-mm 
(1.97-in) basis, resulting in an increase in 
weight to 22,300 kg (49,162 Ib). The addition of 
another 700 kg (1,543 Ib) of weight without any 
increase in installed power inevitably entailed 
a slight but nonetheless significant degrada- 
tion in cross-country performance and agility. 

The next PzKpfw III variant was the PzKpfw 
Ill Ausf L, which entered production in 1942, 
the year in which PzKpfw III production attain- 
ed 2,600 machines. The PzKpfw IIl Ausf L was 
similar to the late-production Ausf J with the 
L/60 main gun in every external respect but ar- 
mour, which now included a 20-mm (0.79-in) 
layer 100 mm (3.94 in) above the superstruc- 
ture and mantlet. This further increased the 
nose heaviness already evident in the Ausf J 
and earlier models retrofitted with the L/60 
gun, and a torsion bar compensator was add- 
edto the suspension as the coil springs used in 
addition to the torsion bars of the front road 
wheels were inadequate for the task. Weight 
was reduced slightly by the limitation of this 
model to a maximum of 78 50-mm rounds. The 
exigencies of the war, especialy on the 
Eastern Front, are reflected in the fact that 
the photographic record shows the Ausf L with 
a wide assortment of field modifications 
designed to provide improved protection. In- 
tended to detonate incoming hollow-charge 
warheads before the latter reached the critical 
focus distance from a vulnerable point, skirt 
armour was a firm favourite: large rectangular 
plates were attached to the hull sides, exten- 
ding far enough downward to protect the run- 
ning gear and sufficiently high to protect the 
hull/turret junction line, while curved plates 
were often added round the turret and over the 
mantlet as additional protection. 

Іп 1942 the PzKpfw Ill Ausf M also ap- 
peared, this being a variant of the Ausf L op- 
timized for mass production by the elimination 
of the hull vision ports and escape doors. 
Though the elimination of the hull escape 
doors might be thought a retrograde step, it 
should be remembered that these were 
generally inoperable when essential skirt ar- 
mour was fitted: at the same time this move 
allowed a redistribution of ammunition stow- 
age, increasing 50-mm rounds to 98 at the ex- 
pense of machine-gun rounds, which fell in 
number from 4,950 to 2,550 rounds. Other 


features of the Ausf M were a wading capab- 
ility to a depth of 1.5 m (4.92 ft), and a valve 
system to allow hot engine coolant to be pas- 
sed to other tanks with the same system. This 
was introduced in response to conditions on 
the Eastern Front, and made it possible for the 
engine of one tank to warm up that of another 
as a means of facilitating start-up in cold con- 
ditions: it took between 12 and 15 minutes to 
raise the engine temperature of the cold vehi- 
cle by 80° at an exterior temperature of -30°. 

Production of the Ausf M continued into the 
beginning of 1943, but in 1942 the first ex- 
amples of the ultimate PzKpfw III variant had 
appeared. This was the PzKpfw Ill Ausf N, 
identical to the deep-wading Ausf M in all 
respects but armament. In July 1942 Hitler 
had ordered that the Ausf L should be fitted 
with the obsolescent 75-mm (2.95-in) KwK 
L/24 gun in place of its existing 50-mm 
weapon. The German leader's intention was to 
provide a support tank for heavier tanks such 
as the PzKpfw VI Tiger, and the designated 
weapon was the ordnance of early models of 
the PzKpfw IV, weighing 285 kg (628 Ib) and 
able to fire a 6.75-kg (14.9-Ib) APCBC projectile 
with a muzzle velocity of 385 m (1,263 ft) per 
second, sufficient to penetrate 41 mm (1.61 in) 
of armour at an angle of 30? at a range of 
500 m (545 yards). But whereas the 50-mm 
weapon was limited to HE and armour- 


piercing ammunition, the 75-mm (2.95-іп) 
weapon could fire armour-piercing, HEAT, HE, 


A PzKpfw Ill of the 18th 
Panzer Division emerges 
from a Russian river 
during the summer of 
1942. (MARS) 
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Smoke and Case projectiles, of which 56 
rounds were carried in addition to 3,450 
machine-gun rounds. The same ordnance was 
used in the Ausf N, which had revised ammuni- 
tion stowage for 64 75-mm (2.95-in) rounds. 
Production amounted to 660 Ausf N tanks in 
the period from July 1942 to August 1943, the 
213 vehicles built in 1943 being modified in 
production with the definitive  Schürzen 
(aprons): this comprised 8-mm (0.315-in) skirts 
over the running gear and 5-mm (0.2-in) panels 
round the turret. Further protection was af- 
forded by Zimmerit paste, a 100-kg (220-Ib) 
coating of which provided protection against 
magnetically-attached mines. 

Produced in parallel with the PzKpfw III from 
1939, and remaining in production to the end 
of the war, when more than 10,500 had been 
built, was the Sturmgeschütz III (SdKfz 142/1), 
an assault gun version of the PzKpfw III with its 
armament in a fixed superstructure for simpli- 
fied manufacture and lower overall height 
This was armed with a 75-mm (2.95-in) StuK 37 
L/24, L/43 or L/48 gun, or in its Sturmhaubitze 


PzKpfw 11 Ausf N 
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42 (SdKtz 142/2) form a 105-mm (4.13-in) L/28 
howitzer. The PzKpfw III was also adapted for 
other roles as the Flammpanzer ll (SdKfz 
141/3) flamethrower with 1,000 litres (220 Imp. 
gal.) of flame fuel, the Panzerbefehlswagen III 
(SdKfz 266, 267 and 268) command tank with 
dummy main armament, and the Panzer- 
beobachtungswagen IIl (SdKfz 143) armoured 
observation vehicle for use by self-propelled 
artillery units. There was also a submersible 
version, the PzKpfw III (Tauchfahig) developed 
for Unternehmen  'Seelówe' (Operation 
'Sealion', the proposed invasion of Southern 
England): this had all openings sealed with rub- 
ber compound, a one-way exhaust valve and a 
buoyant rubber air hose leading into the turret. 
The variant was designed to allow the tank to 
move across the seabed at depths of 7.5 m 
(24.6 ft), before emerging on to the assault 


Panzerkampfwagen Ill Ausf N 
(11/ZW) (SdKfz 141/2) 
(Germany) 


Type: close-support medium tank 
Crew: 5 

Combat weight: 21,300 kg (46,958 Ib) 
Dimensions: length overall 5.78 m (18.96 ft) for 
production vehicles and 5.52 m (17.06 ft) for Ausf 
L conversions; width 2.97 m (9.74 ft) without 
skirts and 3.41 m (11.19 ft) with skirts; height 
overall 2.50 m (8.20 ft) 

Armament system: one 75-mm (2.95-in) KwK 
1/24 rifled gun with 64 rounds in production 
vehicles and 56 rounds in Ausf L conversions, 
two 7.92-mm (0.312-in) MG34 machine-guns (one 
coaxial and one bow) with 3,450 rounds, and six 
90-mm (3.54-in) smoke-dischargers; the turret 
was manually operated, the main gun was 
stabilized in neither elevation (— 8.3? to + 20?) 
nor azimuth (360°), and simple optical sights 
were fitted 

Armour: welded steel varying in thickness bet- 
ween 16 and 70 mm (0.63 and 2.76 in) plus vary- 
ing levels of additional armour 

Powerplant: one 224-kW (300-hp) Maybach HL 
120 TRM petrol engine with 320 litres (70.4 Imp. 
gal.) of fuel 

Performance: speed, road 40 km/h (24.9 mph); 
range, road 155 km (93.3 miles); fording 0.8m. 
(2.62 ft); gradient 57%; vertical obstacle 0.6 m 
(1.97 ft); trench 2.2 m (7.22 ft); ground clearance 
0.385 m (15.2 in) 


beach with great tactical surprise. Some of 
these vehicles were converted with 3-m 
(9.84-ft) steel pipes instead of flexible hoses, 
for river crossing in the first stages of the war 
against the USSR. Total production of the 
PzKpfw 11 was 5,644, and the type's impor- 
tance in the development of armoured warfare 
cannot be exaggerated, as it was the primary 
weapon of the Panzer divisions in their heady 
days of triumph between 1939 and 1941: the 
PzKpfw Ill led the Panzer divisions as they 
swept through Poland in 1939, the Low Coun- 
tries and France in 1940, and the Balkans, 
North Africa and USSR in 1941. For the first 
time in armoured warfare there was a mass- 
production battle tank design that could be 
upgunned without undue difficulty, and the 
type's combat record speaks for itself in terms 
of the results that were secured. The lesson 
was absorbed to the fullest extent by the 
Americans and British, who had hitherto lag- 
ged in considering armoured fighting vehicles 
as mass-production vehicles, and in the future 
far greater thought was given to the longer- 
term production values that allowed the in- 
troduction of improved variants with heavier 
armament. The PzKpfw Ill also validated the 


Production of the PzKpfw 
11 battle tank was halted in 
late 1943, though the 
chassis was kept in 
production as the basis for 
weapons such as these 
Sturmgeschütz Ill assault 
guns, whose fixed 
Superstructure with 
limited-traverse mounting 
for the main armament 
was simpler and cheaper 
to produce than the turret 
of the battle tank. (MARS) 
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Details of the running 
gear and track of a 
PzKpfw IV medium 
(support) tank. (MARS) 
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concept of a common chassis for multiple ap- 
plications; of the 15,000 or so chassis produc- 
ed, nearly 9,500 were used as the 
automotive/structural basis of vehicles other 
than tanks proper. 

The PzKpfw Ill's partner through the first 
half of the war was the PzKpfw IV, whose 
development up to the Ausf E has been 
covered in the previous chapter. The PzKpfw 
Ill had been designed as the spearhead tank of 
the Panzer divisions, with the PzKpfw IV in sup- 
port to deal with heavier obstacles: but as the 
tide of the war began to sway against the Ger- 
mans, the limitations of the PzKpfw III's arma- 
ment became clearer: whereas the original 
concept of relying on a 37-mm main gun but 


allowing for subsequent revision to a 50-тп 
weapon had seemed sufficient in th 
mid-1930s, the situation in 1942 reveale 
without doubt that the original concept shou 

have called for a 50-mm gun, with subsequen’ 
revision to a 75-mm (2.95-in) weapon. By 1942 
therefore, the Allies were fielding substantia 
numbers of tanks with armour generally imp 
vious to 50-mm projectiles at all but t 
shortest ranges, and as a result the PzKpfw IV 
with its 75-mm (2.95-in) main gun came in- 
creasingly to the fore. 

The first definitive variant of the PzKpfw IV 
was the PzKpfw Ausf F, its importance com- 
pared with the earlier SdKfz 161 variants bei 
marked by the allocation of a revised inventory 
designation, SdKfz 161/1. Though modelled on 
the preceding Ausf E, this variant was planned 
with thicker armour and a longer-barrelled 
75-mm (2.95-in) main gun. The armour was toa 
50-mm (1.97-in) rather than 30-mm (1.18-in) 
basis with maxima of 60 and 50 mm (2.36 and 
1.97 in) respectively on the hull and turret, but 
the longer ordnance was not ready in time and 
the standard KwK L/24 gun had to be fitted. 
The variant was built right through 1941, and 
weighed 22,300 kg (49,162 Ib). When the far 
superior KwK 40 L/43 gun became available, 
was introduced on an Ausf F variant known as 
the PzKpfw IV Ausf F», earlier models being 
retrospectively redesignated PzKpfw IV Ausf 
F,. The Ausf F, weighed 23,600 kg (52,028 Ib), 
and its advent marked a high-point in German 
tank capability. The L/43 ordnance weighed 
472 kg (1,041 Ib), and fired its 6.8-kg (15-6) 
armour-piercing projectile with a muzzle 
velocity of 740 m (2,428 ft) per second: this 
provided the projectile with the power to 
penetrate 89 mm (3.5 in) of armour at an angle 
of 30° at a range of 500m (545 yards), 
translating into just over twice the penetration 
capability of the L/24 weapon at the same 
range. German gun power had in the period 
(1941-1942) fallen below the best provided in 
American and Soviet tanks, but the L/43 gun 
restored parity at a time which was crucial to 
the German war effort. The German army was 
more than thankful for the restoration of parity, 
but quite rightly demanded tank gun superior- 
ity in the standard 75-mm (2.95-in) calibre: 
Krupp therefore produced an L/48 version of 
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the KwK 40, the additional five calibres of bar- 
rel length adding 24 kg (53 Ib) in weight and 
38 cm (14.86 in) in overall length. The L/48 
weapon thus weighed 496 kg (1,093 Ib) and 
was 3.9m (153.5 in) long, but as projectile 
muzzle velocity was boosted to only 750 m 
(2,461 ft) per second, the armour penetration 
capability was increased by only 3mm 
(0.12 in), to 92 mm (3.62 in) at standard angle 
and range. The PzKpfw IV was still seen as a 
dual-role weapon, with anti-tank and support 
roles to undertake, and this duality is reflected 
in the KwK 40's ammunition types, which in- 
cluded APCBC, APCR, HEAT, HE and Smoke. 
The Ausf F2 was succeeded by the PzKpfw 
IV Ausf G, which was basically similar to its 
predecessor apart from detail modifications 
and improved armour, the latter including a 
thicker top to the superstructure. Field addi- 
tions often included spaced frontal armour 
and Schürzen of the types also used in the 
PzKpfw lll's later variants for protection 
against the hollow-charge warheads carried 
by Allied weapons such as Soviet anti-tank 
grenades, American ‘bazooka’ rocket- 
launchers and British PIAT spigot-mortar pro- 
jectors. The L/48 version of the KwK 40 gun 
was introduced on the PzKpfw IV Ausf H ver- 
sion of this increasingly important tank, which 
received the revised inventory designation 
SdKfz 161/2 in recognition of its importance. 
The Ausf H began to leave the production lines 
in March 1943, and was similar to the Ausf F, 
and Ausf G apart from its use of the longer 
gun, a revised turret hatch cover, cast rather 
than fabricated drive sprockets, improved 
frontal armour of the spaced type, and as a 
measure of protection for the increasingly 
vulnerable flanks, 8-mm (0.315-in) turret and 
5-mm (0.2-in) skirt armour. This resulted in an 
increase in combat weight to 25,000 kg 
(55,115 16), but the retention of the same 
300-hp (224-kW) engine inevitably caused a 
loss of performance, with the maximum speed 
38 km/h (23.6 mph), down slightly from the 
40 km/h (24.9 mph) of the preceding models. 
By the beginning of 1943 the limitations of 
the PzKpfw 111 and PzKpfw IV were clear to 
field commanders and procurement authorit- 
ies alike, and in February of that year it was 
proposed that the PzKpfw IV be entirely sup- 


planted in production by the new PzKpfw V 
Panther and PzKpfw VI Tiger tanks. In essence 
the notion was correct, but as men such as 
General Heinz Guderian were swift to point 
out, production rates of the newer vehicles 
were so slow that the PzKpfw IV should have 
been retained to maintain the numerical 
Strength of the Panzer arm in the decisive year 
of 1943, which in the event saw the strategic 
initiative swing firmly to the Allied nations, in 
events such as the German defeat at Stal- 
ingrad (February 1943), in North Africa (May 
1943), at Kursk and in Sicily (July 1943), and at 
Salerno (September 1943). Hitler therefore 
decided that production of the PzKpfw IV 
should continue at least to the beginning of 
1944, and this paved the way for the evolution 
of the final production variant, the PzKpfw IV 
Ausf J, that began to reach combat units in 
March 1944. 

The designers had taken the lessons of 
combat firmly to heart and produced a variant 
which was easier to produce and more effec- 
tive in combat, yet lighter than its predeces- 
sors, and thus possessed of higher perfor- 
mance combined with greater cross-country 
agility. The Ausf J had thicker frontal armour, 
including 80 mm (3.15 in) for the front plate, 
driver's plate and mantlet, combined with 
flank protection by wire mesh screens, in 
place of the heavy skirts of the Ausf F, Gand H 


The PzKpfw IV Ausf Fo 
was a comparatively 


simple evolution from the 
Ausf F with thicker armour 
and, most importantly, a 
long-barrel 75-mm (2.95- 


in) gun for much 
enhanced anti-tank 


capability. This vehicle is 


somewhat unusual in 
having a single- rather 


than double-baffle muzzle 


brake. (RAC Tank 
Museum) 
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variants. A revised exhaust system was incor- 
porated, as too were a new transmission and 
provision for wading to a depth of 1.2m 
(3.94 ft). Earlier models had been provided 
with a power system plus manual back-up for 
turret traverse, but in the Ausf J the power 
traverse system was removed (and the 
manual system made a two-speed geared unit) 
to provide greater fuel capacity. The Ausf J 
was thus a more capable machine than the 
Ausf H, and remained in production right to the 
end of the Second World War, the total for the 
two models reaching almost 6,000 chassis 
(from a total of 9,000 PzKpfw IV tanks) in the 
last two years of the war. The PzKpfw IV fought 
on every German front in the Second World 
War, and proved itself one of the most impor- 
tant tanks ever produced. Though it was 
always armed with a 75-mm (2.95-in) main 
gun, the adoption of longer-barrelled ordnance 
of this calibre allowed the designers to keep 
the tank current with most Western and many 
Soviet tanks, and when properly handled the 
PzKpfw IV was still a capable adversary right 
to the end of the war. Like the PzKpfw III, the 
PzKpfw IV is also of significance for its well- 
proved chassis, which was adopted for many 
other tracked vehicles such as the StuPz 43 
(Sturmpanzer IV Brummbár, SdKfz 166) heavy 
assault gun with a 150-mm (5.91-in) assault 
howitzer, the Jagdpanzer IV (SdKfz 162/1) tank 
destroyer with a 75-mm (2.95-in) high-velocity 
gun, the Flakpanzer IV Wirbelwind anti-aircraft 
vehicle with four 20-mm cannon, and a 
number of self-propelled artillery mountings. 
As early as 1937 the Germans had begun to 
consider a new generation of tanks to succeed 
the PzKpfw IIl and PzKpfw IV. Conscious that 
contemporary development was leading to 
heavier tanks with thicker armour and more 
powerful armament, the Germans thought in 
terms of a 30-tonne successor to the 24-tonne 
PzKpfw IV, thereby taking the newtank into the 
category which at the time was considered 
heavy. A vehicle in this weight bracket had 
already found expression in the VK6501 pro- 
totype, designed in 1936 and 1937 and built in 
uncompleted prototype form between 1938 
and 1940, as the basis of a proposed assault 
tank with a 75-mm (2.95-in) gun in the main tur- 
ret and 7.92-mm (0.312-in) machine-guns in 


auxiliary turrets. The project was to have led to 
a PzKpfw VII heavy tank, but was cancelled in 
1940 and is most interesting for its running 
gear, which included seven interleaved road 
wheels of medium diameter. At this time the 
German army was highly satisfied with the ver- 
satility of the new PzKpfw IV, and was content 
to opt for the exploitation of this major type's 
development potential, rather than the crea- 
tion of a wholly-new type. The army had little 
reason to doubt the wisdom of its decision until 
the last quarter of 1941, when the German 
forces driving towards Moscow began to en- 
counter small but increasing numbers of a 
new Soviet tank designated T-34, which im- 
mediately displayed itself superior to the 
PzKpfw IV in all aspects of firepower, protec- 
tion and mobility. It was also clear to a worried 
German army that this was a new tank, 
already mature in its mechanical aspects, yet 
Still full of development potential in terms of 
firepower and protection. 

On 20 November 1941 a German investiga- 
tion team assessed a captured T-34 and came 
to the conclusion that the Soviet tank had 
significant advantages over German tanks in 
its sloped armour, its large road wheels and its 
long gun. The sloping of the armour offered an 
effective increase in thickness, without the 
weight penalty of vertical protection of that ac- 
tual thickness; the large road wheels offered a 
superior ride, especially across country; and 
the long gun, hitherto rejected by the Germans 
as impractical for a number of reasons, of- 
fered very high muzzle velocity and therefore a 
devastating armour-penetration capability. 
The inevitable conclusion was that all current 
German tanks were obsolete in the technical 
sense, and an immediate programme was 
launched to produce a counter to the T-34: 
within five days the German armaments min- 
istry contracted with Daimler-Benz and MAN 
for VK3002 designs to meet a specification 
that demanded a 30/35-tonne battle tank with 
a 75-mm (2.95-in) main gun, well-sloped ar- 
mour to a maximum thickness of 40mm 
(1.57 in) on the sides and 60 mm (2.36 in) on 
the front, and a maximum speed of 55 km/h 
(34.1 mph). In January 1942 the specification 
was revised to include a 60-km/h (37.3-mph) 
maximum speed and frontal armour of 60 mm 
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(2.36 in) on the hull and 100 mm (3.94 in) on 
the turret. 

The VK3002(DB) and VK3002(MAN) designs 
were completed in April 1943. The 
VK3002(DB) was essentially a Germanicized 
copy of the T-34, with the turret located so far 
forward that the driver sat inside the turret 
cage and had to use a hydraulically operated 
remote steering system. The gun mantlet was 
effectively a continuation of the glacis plate, 
the fighting compartment was large and un- 
cluttered, and the Daimler-Benz MB 507 diesel 
engine was located in the rear compartment: 
the use of a diesel offered considerable advan- 
tages in terms of range, safety and continued 
availability of fuel, should Germany's supply 
problem with more refined petrol become 
acute (as of course it did). External but jet- 
tisonable fuel tanks were envisaged for the 
combination of range with safety, the drive 
sprockets were at the rear, and to ease pro- 
duction the interleaved road wheels were 
designed without rubber tyres and fitted with 
leafspring rather than torsion bar suspension. 
All inall, the VK3002(DB) was a design of great 
potential, and an order for 200 was placed at 
the express instruction of Hitler, whose only 
demand was that the planned 75-mm (2.95-in) 
L/48 gun of Krupp design should be replaced 


by a Rheinmetall L/70 weapon of the same 
calibre. Prototype construction was started 
soon after the placement of the order, but was 
cancelled in the later months of 1942. 

The armament ministry, on the other hand, 
preferred the VK3002(MAN), which was a 
more specifically German solution to the re- 
quirement, was powered by a proved petrol 
engine and, in the short term at least, was bet- 
ter suited to German production practices. 

The VK3002(MAN) had a basic layout 
similar to that of the PzKpfw IV, with the driver 
and radio operator/bow machine-gunner in the 
forward compartment, the commander, gun- 
ner and loader in the fighting compartment 
located in the centre of the vehicle, and the 
Maybach HL 210 engine in the rear compart- 
ment but powering forward drive sprockets for 
the comparatively wide tracks, which ran over 
an assembly, on each side, of eight interleav- 
ed road wheels with torsion bar suspension. 
The new vehicle was considerably more 
powerful than earlier German tanks, having 
more than twice the horsepower of the PzKpfw 
IV, and a special gearbox was developed to 
allow optimum use to be made of this potential 
for high speed and good cross-country perfor- 
mance. The rubber-tyred road wheels were of 
sufficiently great diameter that there was no 


The PzKpfw IV Ausf G 


was modelled on the Ausf 


F2 but had improved 
armour including a 


thickened upper surface 


to the superstructure. 
(IWM) 
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need for track-return rollers. The turret was 
located as far back as possible to reduce the 
type of mobility and tactical problems that 
might otherwise have been caused by a long 
barrel overhang of the L/60 gun originally plan- 
ned for the vehicle: this problem would have 
been acute with the forward-mounted turret of 
the VK3002(DB), especially when the failure of 
the L/60 gun led to the adoption of the yet- 
longer L/70 main armament derived from that 
which had been under development for the 
PzKpfw VI Tiger since July 1941: the arma- 
ment specification called for an armour- 
penetration capability of 140 mm (5.51 in) at a 


range of 1,000 m (1,095 yards) 

Mild steel prototypes of the MAN design 
were ordered in May 1942, and such was the 
importance allocated to the programme that 
the army ministry's chief tank designer, Dipl 
Ing. Kniepkampf, was seconded to MAN to 
supervise the whole project 

The first prototype of the VK3002(MAN) ap- 
peared in September 1942. It was immediately 
launched on a large-scale evaluation pro- 
gramme, and such was the seriousness of 
Germany's armour position on the Eastern 
Front (compounded by technical problems 
with the new PzKpfw VI Tiger heavy tank) that 
the type was ordered into immediate produc- 
tion as the PzKpfw V Panther (SdKfz 171). The 
first production Panther appeared in Novem- 
ber 1942, and though production was envisag- 
ed at the rate of 250 vehicles per month, this 
already ambitious figure was almost im- 
mediately raised to 600 Panthers per month. 
This figure was never achieved, despite the 
launch of a large-scale co-production system 
involving four major manufacturers, and the 
1944 monthly average was 330, leading to an 
overall total of 5,590 Panthers by the end of 
the Second World War, including 1,850 in the 
first year of production and 3,740 between 
January 1944 and May 1945. An additional 679 
chassis were completed for use in roles such 
as recovery (the Bergepanzer Panther, or 
Bergepanther) command  (Befehlspanzer 
Panther) artillery observation (Beobach- 
tungspanzer Panther) and tank destroying 
(Panzerjáger Panther, or Jagdpanther). 

The German army's maximum weight limit 
of 35 tonnes had proved impossible to meet, 
and the Panther turned the scales at a weight 
of 45,500kg (100,309 16) from its service 
debut, remaining at about this figure through- 
out its career. This weight was attributable 
mostly to Hilter's insistence on thicker ar- 
mour, and as a result plans were laid for use of 
the bored-out HL 230 in place of the originally 
specified HL 210 engine: even so the reduced 
maximum speed of 45 km/h (28 mph) had to be 
accepted. 

The first 20 Panthers were designated 
PzKpfw V Panther Ausf A, and were in reality 
pre-production machines with the 60-mm 
(2.36-in) frontal armour demanded by the 
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original specification, a 642-hp (479-kW) HL 
210 engine, a ZF-7 rather than the definitive 
AK 7-200 gearbox, an early model of the L/70 
main gun, and the commander's cupola at the 
extreme left of the Rheinmetall turret. Con- 
siderable development work was undertaken 
with these first Panthers, which were rede- 
signed PzKpfw V Panther Ausf D, early in 
1943. The proposed second and third produc- 
tion models were the Ausf B with a Maybach 
Olvar gearbox, and the Ausf C, of which no 
details have been found. Trials with the Ausf A 
revealed a number of problems, but the impor- 
tance of the programme was such that no 
delay in the overall production programme 
was authorized to allow a full examination and 
rectification of the deficiencies before they 
were built into service tanks. The problem 
stemmed mostly from the rushed develop- 
ment of the Panther, which was considerably 
heavier and more powerful than first planned, 
without significant modification of the gear- 
box, cooling system and running gear. The 
most important of these problems were fail- 
ures in the bolts attaching the rubber tyres to 
the road wheels (entailing the removal of up to 


five complete wheels when an inner wheel fail- 
ed), failure of the final drive gears (often caus- 
ing transmission gear, differential and steering 
failures) and engine overheating. 

The first real production variant was there- 
fore the PzKpfw V Panther Ausf D, which was 
redesignated PzKpfw V Panther Ausf D, at the 
same time that the Ausf A became the Ausf D,. 
The type appeared in January 1943, and 
featured the standard type of ‘dustbin’ cupola, 
a vision port and machine-gun port in the 
glacis plate, the definitive L/70 main gun witha 
double-baffle muzzle brake to reduce recoil 
distance in an already cramped turret, smoke- 
dischargers on each side of the turret and, on 
later-production examples, skirt armour added 
during construction, together with a coating of 
Zimmerit anti-mine paste; these later vehicles 
also had a grenade-launcher above the turret 
(operated by the loader) in place of the flanking 
smoke-dischargers. 

The next variant appeared in July 1943, and 
Should have been the Ausf E, but for reasons 
which remain unexplained was in fact 
designated the PzKpfw V Panther Ausf A. This 
incorporated features that had been omitted to 


Far left An overhead 
view of a German 
production facility reveals 
the basically simple lines 
of the PzKpfw V Panther 
battle tank. The hull was 
made of panels of 
machinable-quality 
homogeneous armour 
plate, whose separate 
panels were mortised 
together and welded. The 
heaviest armour was the 
glacis plate, which was 
80-mm (3.15-in) thick and 
angled at 33° to the 
horizontal. (Bundesarchiv) 


Allied infantrymen in Italy 
during 1944 pause for an 
interested examination of 
a captured PzKpfw 
Panther Ausf Do. This has 
the later pattern of 
commander's cupola with 
lifting and swinging hatch 
but no hull machine-gun 
mounting. Notable are the 
coating of Zimmerit anti- 
magnetic mine paste, and 
the 75-mm (2.95-in) 
projectile resting on the 
lacis plate. (RAC Tank 
luseum) 
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speed production of the Ausf D, in preparation 
for the Germans’ last-throw effort in July 1943 
to regain the strategic initiative on the Eastern 
Front in the Battle of Kursk, the world's 
largest-ever tank battle. Kursk was the Pan- 
ther's combat debut, most available vehicles 
serving with one army and three SS divisions 
of the 4th Panzerarmee: when they ran proper- 
ly the Panthers were more than a match for the 
Soviets' T-34s, but they seldom ran for more 
than a few miles without a mechanical pro- 
blem. The Panthers had been rushed into ser- 
vice so quickly that there was no adequate 
recovery vehicle, and as many as three large 
halftracks were required to extricate a 
broken-down Panther. Hitler's insistence on 
use of the Panthers at Kursk was a profound 
error, forced ona reluctant army: used in small 
numbers by crews inexperienced with the type 
and therefore little able to overcome the type's 
lack of mechanical maturity, the Panthers had 
little tactical impact, but were revealed prema- 
turely as the potent weapons they were to 
become, allowing the Soviets to develop 
counter-tactics in good time. 

The Ausf A introduced the definitive com- 
mander's cupola, with better ballistic shaping 
and armoured periscopes, a fully-engineered 
ball mounting for the hull machine-gun, a 
monocular rather than binocular gunner's 
sight in the turret, and elimination of all turret 
pistol spent-case ejection ports. 

The final production variant of the original 
Panther series was the PzKpfw Panther Ausf 
G, designated simply thus as Hitler had on 27 
February 1944 ordered the roman numeral in 
the original designation to be omitted. The 
origins of this model lay with the February 
1942 instruction of the German armaments 
ministry that MAN was to co-operate with 
Henschel in the development of a Panther 
variant incorporating as many PzKpfw VI Tiger 
components as possible. The programme 
would have resulted in the Panther Il Ausf F 
with the interleaved steel wheels of the Tiger 
Il, thicker armour on the hull top, a turret 
modelled on that of the Tiger Ausf B with 
stereoscopic rangefinder and gun stabilization 
system, the higher-rated AK 7-400 gearbox, 
and greater power in the form of the HL 230 
rated to 800 hp (596 kW) with petrol injection 


and a higher compression ratio, and to 900 hp 
(671 kW) with a supercharger. The Panzer- 
turm schmal (small tank turret) was designed 
by Daimler-Benz to accommodate L/70 or 
even L/100 versions of the KwK 42, or the 
88-mm (3.46-in) KwK 43 L/71 gun as used in 
the Tiger Il. 

The Panther || would have entered produc- 
tion in the summer of 1945, and would pro- 
bably have been a truly devastating weapon 
had the war gone into the autumn and winter of 
that year. Fortunately for the Allies, Germany 
was defeated before the Panther Il could be 
developed, and its only feature to appear in the 
interim Panther Ausf G was the Tiger's 
resilient steel wheel, which finally solved the 
Panther's long-term problem with shed tyres. 
Other modifications were revised and thicker 
hull sides, inclined at a greater angle, a 
modified mantlet of simpler construction, elim- 
ination of the driver's vision port, revised 
stowage arrangements (including main am- 


Panzerkampfwagen Panther Ausf G 
(SdKfz 171) 
(Germany) 


Type: battle tank 

Crew: 5 

Combat weight: 45,300 kg (88,868 Ib) 
Dimensions: length, gun forward 8.86m 
(29.07 ft) and hull 6.935 m (22.75 ft); width 3.27 m. 
(10.73 ft); height overall 2.995 m (9.83 ft) 
Armament system: one 75-mm (2.95-in) KwK 
42 L/70 rifled gun with 79 rounds, two or three 
7.92-mm (0.3-in) MG34 machine guns (one 
coaxial, one bow and one optional AA) with 
4,500 rounds, and one 92-mm (3.62-in) 
Nahverteidgunswaffe bomb/grenade launcher; 
the turret was hydraulically operated, the main 
gun was stabilized in neither elevation (4° to 
+20°) nor azimuth (360°), and simple optical 
sights were fitted 

Armour: welded steel varying in thickness bet- 
ween 13 and 120 mm (0.51 and 4.72 in) 
Powerplant: one 522-kW (700-hp) Maybach HL 
230 P30 petrol engine with 730 litres (160.6 Imp. 
gal.) of fuel 

Performance: speed, road 45.7 km/h (28.4 mph); 
range, road 200 km (124 miles); fording 1.9m 
(6.23 ft); gradient 70%; vertical obstacle 0.9 т 
(295); trench 2.45m (804ft; ground 
clearance 0.56 m (22 in) 
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PzKpfw V Panther Ausf. G 


munition capacity increased from 79 to 82 
rounds) and a number of detail modifications, 
Such as better attachments for the skirt ar- 
mour, which had often been pulled off in 
woods. 

The most famous of the Panther's variants 
was the Jagdpanther, more formally known as 
the Panzerjäger Panther (SdKfz 173), a potent 
tank destroyer with the classic 88-mm (3.46-in) 
PaK 43/3 anti-tank gun mounted in a limited- 


traverse mounting in the forward face of the 
fixed superstructure. 

It is hard to overestimate the importance of 
the Panther to armoured warfare in the Se- 
cond World War, or to the development of the 
tank since that time. An indication of the Pan- 
ther's capabilities is that its frontal armour was 
impenetrable to the projectiles of the Allies’ 
main gun tanks, while its own manoeuvrability 
and gun power allowed it to knock out the 
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Allied tanks from stand-off range. One 
American estimate suggests that one Panther 
required the attentions of at least five M4 Sher- 
man tanks if it was to be successfully engag- 
ed, with a decisive flank or rear shot by one of 
the US tanks: otherwise the Allies' best course 
of action when facing a Panther was to try for a 
mobility kill, halting the tank with a blow to its 
trackwork. 

The largest German tanks to see combat in 
the Second World War were the variants of the 
PzKpfw VI Tiger series, which first appeared 
before the PzKpfw V Panther but are treated 
after it because of their later numerical 
designation. In 1937 the German army ap- 
preciated the high qualities of its new PzKpfw 
Ill battle and PzKpfw IV medium tanks, but also 
realized that a heavier tank might form a useful 
adjunct in the assault role. In that year, 
therefore, Henschel received an order for two 
prototypes of a 30/33-tonne heavy tank desig- 
nated DW.1 (the prefix standing for Durch- 
bruchswagen or breakthrough vehicle). The 
design emerged as a massive machine with in- 
terleaved road wheels, and testing of the first 
prototype hull was well under way when 
Henschel was instructed to drop the concept 
and devote its energies instead to a truly huge 
design, the VK6501. This was to be a 65-tonne 
machine armed with a 75-mm (2.95-in) main 
gun plus a secondary armament of machine- 
guns in separate turrets: evolved conceptually 
and mechanically from the PzKpfw NbFz 
(PzKpfw V), the VK6501 was planned for pro- 
duction as the PzKpfw VII, but was cancelled 
in 1940 even as the two prototype chassis 
were being tested. The emphasis now return- 
ed to a heavy tank derived from the DW.1, 
which Henschel had refined into the DW.2 
with a weight of 32,000 kg (70,547 Ib), a crew 
of five, and an armament of one short-barrel 
75mm (2.95-in) gun and two 7.92-mm 
(0.312-in) machine guns. Trials with the DW.2 
continued into 1941, but more definitive plans 
had already matured with the German official 
hierarchy during 1940, which made the DW.2 
obsolete as a contender for production orders. 
These plans called for а  30-tonne 
breakthrough tank armed with a 75-mm 
(2.95-in) main gun, and after design proposals 
had been solicited from Daimler-Benz, 


Henschel, MAN and Porsche, orders were 
placed with two companies for eight pro- 
totypes (four from each company) the 
Henschel machine was the VK3001(H) and the 
Porsche machine the VK3001(P). 

The VK3001(H) was a logical development 
from the DW.2, and the four prototypes ap- 
peared in March 1941 (first two) and October 
1941 (last two), differing from each other only 
in detail. The superstructure was similar to 
that of the PzKpfw IV, and the running gear 
comprised, on each side, seven interleaved 
road wheels with three track-return rollers. 
The armament was the 75-mm (2.95-in) KwK 
40 L/48 gun, but as the prototypes were being 
evaluated, the T-34 made its appearance on 
the Eastern Front and at a stroke rendered ob- 
solete any German plans for a new tank with 
the 75-mm (2.95-in) gun, which was patently in- 
ferior to the 76.2-mm (3-in) weapon of the 
Soviet tank. Whereas the VK3001(H) was com- 
petely orthodox in its concept and mechanical 
features, the same cannot be said of the 
VK3001(P) from the innovative Dr Ferdinand 
Porsche, who called his creation the Typ 100 
Leopard. This resembled the VK3001(H) in 
overall design, but its running gear on each 
Side comprised six road wheels and two track- 
return rollers, the suspension was of the long- 
itudinal rather than transverse torsion bar 
type, and power was provided by a novel 
petrol-electric drive system. Daimler-Benz and 
MAN also produced prototypes, but these are 
believed not to have progressed as far as the 
Henschel and Porsche types, which were in 
any event never fitted with their turrets. The 
VK3001 concept was shown to be obsolete by 
the advent of the T-34, and the Germans sen- 
Sibly cancelled further work on the prototypes. 

The Germans had been working concur- 
rently on a heavier tank concept largely to 
satisfy the demands of Hitler, who was devel- 
oping into a firm advocate of heavy tanks with 
powerful armament and protection. The Ger- 
man leader had been impressed by aspects of 
the technical reports about the British and 
French infantry-support tanks encountered by 
the German forces in the Western campaign 
of May and June 1940, especially the extent of 
their armour protection. This had proved in- 
vulnerable to the German tank guns of the 
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period, and Hitler now sought to provide the 
German forces with tanks providing a com- 
parable level of protection with decisively 
heavier firepower and adequate mobility. For 
firepower, Hitler's demand was a weapon 
capable of penetrating 100 mm (3.94 in) of ar- 
mour at a range of 1,500 m (1,640 yards), and 
in line with the standard German practice of 
the time the tank was to be protected against a 
comparable weapon. The German leader’s 
first choice for the main gun was a tank 
development of the 88-mm (3.46-in) FlaK 36 
dual-role anti-aircraft and anti-tank gun, while 
the German ordnance department held out for 
a smaller-calibre weapon using the tapered- 
bore concept of barrel and ammunition design 
io provide the same armour-penetration 
capability: the use of a 60- or 75-mm (2.36- or 
2.95in) weapon, the department argued, 
would allow stowage of a larger number of 
rounds in any given volume, and also allow a 
reduction in tank size and weight, with conse- 
quent advantages in cost and performance. 

It was decided to produce a 36-tonne pro- 
totype with the tapered-bore gun and the 
designation VK3601(H). But the tapered-bore 
gun required considerable quantities of in- 
creasingly scarce tungsten, and was cance- 
lled by Hitler at about the time the VK3001 and 
VK3601 concepts were halted in favour of an 
altogether larger 45-tonne tank ordered in the 
form of competing VK4501(H) and VK4501(P) 
prototypes in May 1941. The contracts stipu- 
lated that the prototypes should be ready for 
Hitler's birthday on 20 April 1942: each type 
was to use a Krupp-designed turret accom- 
modating the 88-mm (3.46-in) KwK 36 L/56 
gun. Henschel used features of its VK3001 
and VK3601 prototypes in the VK3601(H), 
which was proposed as the VK3601(H1) with 
the Krupp turret and an 88-mm (3.46-in) gun, 
andas the VK3601(H2) with a Rheinmetall tur- 
ret and a 75-mm (2.95-in) KwK 42 L/70 gun. 
The H2 variant was never built and the first 
prototypes of the VK3601(H1) variant ap- 
peared in March 1942. The tank was modelled 
on the VK3001, though the road wheels were 
of larger diameter, thereby removing the need 
for track-return rollers. 

The VK4501(P) appeared in the following 
month, and was modelled on the VK3001(P) 


with the same type of petrol-electric drive and 
longitudinal torsion bar suspension. Com- 
parative trials confirmed the overall superior- 
ity of the VH4501(H), though it was as much as 
11,000 kg (24,250 Ib) over legend weight, and 
in August 1942 the type was ordered into pro- 
duction under the designation PzKpfw VI Tiger 
Ausf H (SdKfz 181) with the KwK 36 gun. This 
weighed 1,330 kg (2,932 Ib), and its L/56 barrel 
provided for a muzzle velocity of 810m 
(2,657 ft) per second, sufficient to give the 
9.4-kg (20.72-Ib) APCBC projectile the ability to 
penetrate 112 mm (4.4 in) of armour at an 
angle of 30° at a range of 500 m (545 yards). 
Combined with stowage for 92 rounds, this 
provided the Tiger with an anti-tank capability 
unmatched anywhere in the world at that time. 
A back-up order was placed for 90 ex- 
amples of the Porsche design as the PzKpfw 
VI VK4501(P) Tiger (P), in case the Henschel 
type should encounter problems. Once it had 
become clear that the Henschel Tiger was 
proceeding without difficulty, these chassis 
were modified during construction into tank 
destroyers, with the designation Panzerjäger 
Tiger (P) Ferdinand (SdKfz 184), though the 
name was subsequently changed to Elefant. 
This was armed with an 88-mm (3.46-in) PaK 
43/2 L/71 gun in a fixed superstructure, and 
made its debut in the Battle of Kursk. Here it 
suffered heavy losses due to mechanical 
failures and its total lack of defensive 
machine-gun armament, which allowed Soviet 
pioneers to attack it with virtual impunity. 
Production of the Tiger lasted exactly two 
years from August 1942 to August 1944, and in 
that time production totalled 1,350 vehicles. 
Production peaked in April 1944, when 104 
vehicles were delivered: the original rate plan- 
ned by the armaments ministry had been 12 
vehicles per month, but at Hitler's insistence 
this had been increased to 25 vehicles per 
month by November 1942, increasing as the 
type proved itself in combat as an exceptional 
gun tank. In February 1944 the designation 
was revised, and the vehicle then became the 
PzKpfw Tiger Ausf E (SdKfz 181), this change 
being contemporary with a modification of the 
production standard to include a new cupola, 
simplified fittings and resilient steel wheels in 
place of the original type with rubber tyres. 
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The Tiger was a truly massive machine, and 
its design epitomizes the design of the classic 
‘German tank’ of the Second World War: this 
was evolved before the T-34 hammered home 
the advantages of sloped armour (as copied by 
the Germans in the Panther), and the Tiger 
was thus the next in logical sequence from the 
PzKpfw IV with basically upright armour. In so 
large and heavy a machine, the designers 
were faced with acute problems of hull rigidity, 
especially against the torsional effect of recoil 


when the gun was fired at any angle off the 
centreline. For this reason the basic structure 
made use of the largest possible one-piece 
plates: the 26-mm (1.02-in) belly plate, for ex- 
ample, was a single piece some 1.8 m (5.9 ft) 
wide and 4.85 m (15.9 ft) long, and the in- 
terlocking armour plates were all welded. The 
curved sides and rear of the turret were made 
of a single piece of armour 80 mm (3.15 in) 
thick bent into a horseshoe shape and con- 
nected across the front by a 100 mm (3.94 in) 


PzKpfw VI Ausf E Tiger I 
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Panzerkampfwagen Tiger Ausf E 
(SdKfz 181) 
(Germany) 


Type: heavy battle tank 
Crew: 5 

Combat weight: 56,900 kg (125,441 Ib) 
Dimensions: length, gun forward 8.46m 
(27.76 ft) and hull 6.32 m (20.73 ft); width 3.73 m 
(12.24 ft); height overall 2.90 m (9.51 ft) 
Armament system: one 88-mm (3.46-n) KwK 36 
US6 rifled gun with 92 rounds, two or three 
7.92mm (0.3124n) MG34 machine-guns (one 
coaxial, one bow and one optional AA) with 5,100 
rounds, and three smoke-dischargers on each 
side of the turret or one 92mm (3.624n) 
Nahverteidgunswatfe bombigrenade launcher; 
the turret was hydraulically operated, the main gun 
was stabilized in neither elevation (—65* to 
+17°) nor azimuth (360°), and simple optical 
sights were fitted 

Armour: welded steel varying in thickness bet- 
ween 26 and 110 mm (1.02 and 4.33 in) 
Powerplant: one 478.7-KW (642-hp) Maybach HL 
210 P45 (first 250 vehicles) or 517.4-kW (694-hp) 
Maybach HL 230 P45 petro engine with 
567 litres (124.7 Imp. gal.) of fuel 

Performance: speed, road 37 km/h (23 mph); 
range, road 117 km (72.7 miles); fording 1.22 m 
(4.0 ft) without preparation or 4.0 m (13.1 ft) with 
snorkel; gradient 70%: vertical obstacle 0.79 m 
(2.59 ft); trench 2.3 m (7.55 ft); ground clearance 
0.43 m (16.9 in) 


Above The scene ina 
German tank factory as 
the hull of a PzKpfw Tiger 
is inched forward towards 
its tracks. (MARS) 


Left Seen in the form of 
a captured vehicle under 
test in the USA, the 
PzKpfw Tiger Ausf E was 
a highly impressive heavy 
tank. The blocky hull and 
cylindrical turret offered 
excellent protection 
through weight of metal 
rather than careful 
ballistic shaping, but the 
dominant feature is the 
large 88-mm (3.46-in) gun 
with its muzzle brake 
(RAC Tank Museum) 


iCYCLOPAEDIA OF THE TANK 


160 


front plate whose opening for the gun was pro- 
tected by a 110-mm (4.33-in) mantlet. The 
whole impression conveyed by the vehicle 
was of angular strength, and this impression is 
confirmed by the armour inclination (at the 
most, 24° from the vertical) and thickness, 
varying from 26 mm (1.02 in) on the belly and 
hull roof via 60 mm (2.36 in) on the lower sides, 
and 82 mm (3.23 in) on the upper sides and 
rear, to 100 mm (3.94 in) on the nose and front 
plate. This gives a good indication of how a 
combat weight of 55,000 kg (121,252 Ib) or 
more was reached. The movement of this 
mass required considerable power: the first 
250 vehicles had the 642-hp (479-kW) 
Maybach HL 210 P45 petrol engine, and the 
rest the 694-hp (517.5-KW) HL 230 P45 from 
the same manufacturer. The engine drove the 
forward drive sprockets via the coupled 
preselector gearbox/regenerative steering 
System, and in each side the running gear 
comprised eight large-diameter road wheels, 
with the idler to their rear. These were the first 
interleaved road wheels used on a German 
service tank, and provided an admirable ride: 
their main fault appeared in the winter, when 
the slush and mud, caught between the 
wheels, tended to freeze overnight and thus 
immobilize the tank at a time the Soviets 
therefore found tactically advantageous for 
any attack. The driver and bow machine- 
gunner/radio operator were located in the for- 
ward compartment, the commander, gunner 
and loader in the centrally-located fighting 
compartment, and the engine in the rear com- 
partment. Other tactical limitations with the 
Tiger were the use of hydraulic power from an 
engine-driven motor for turret traverse, mean- 
ing that the heavy turret had to be moved in 
secondary manual mode when the engine was 
shut down, and the prodigious thirst of the 
engine, which consumed the maximum 
570 litres (125 Imp. gal.) of petrol in only 120 km 
(74 miles) on roads, or 70km (43.5 miles) 
across country. This short range was an added 
inducement to use the Tiger as an ambush 
rather than mobile warfare tank, and the high 
points of its career were thus in the close- 
country campaigns, such as those waged in 
Normandy (June and July 1944) and the Arden- 
nes (December 1944). 


Impressed with the offensive potential of 
the new vehicle, Hitler overruled his army 
commanders and demanded that the Tiger 
should be rushed into action as soon as possi- 
ble, even if this meant its deployment in penny 
packets and the sacrifice of surprise at all but 
the very lowest tactical level. Given its weight 
and high ground pressure of 1.04 kg/cm? 
(14.8 Ib/sq in), even on its 715-mm (28.15-in) 
wide combat tracks, rising to 1.43 kg/cm? 
(20.4 Ib/sq in) on the special 515-mm (20.28-in) 
wide transport tracks, the Tiger was best 
Suited to operations on firm ground offering 
the possibility of ambush positions where the 
Tiger's powerful protection and devasting ar- 
mament would give it a decided tactical ad- 
vantage over numerically superior Allied 
types. As it was, the Tiger was first committed 
in unsuitable terrain outside Leningrad in 
September 1942, and suffered a high propor- 
tion of losses to the Soviets’ carefully sited and 
extremely potent anti-tank defences. The 
Tigers were organized in 30-strong battalions, 
at first under command of corps or army head- 
quarters; it was later planned to provide all 
Panzer divisions with an organic Tiger bat- 
talion, but in fact only the more favoured of SS 
Panzer divisions received such a battalion. 

The only three Tiger variants were the 
Panzerbefehlswagen Tiger Ausf E command 
tank, which was produced in SdKfz 267 and 
SdKtz 268 variants with additional radio equip- 
ment, the Bergepanzer Tiger Ausf E (SdKfz 
185) recovery vehicle, and the Sturmtiger 
assault weapon with a 380-mm (14.96-in) mor- 
tar in a fixed superstructure 

At about the time that the Tiger entered pro- 
duction, the Germans decided to develop a 
new model with better armament and protec- 
tion, in case the Soviets produced another sur- 
prise after the T-34. Again Henschel and 
Porsche were asked to develop competing 
designs with sloped armour and the new KwK 
43 88-mm (3.46-in) gun. This weapon was con- 
siderably heavier and longer than the KwK 36, 
at a weight of 1,690 kg (3,726 Ib) and a length 
of 6.68 m (263.0 іп) compared with 5.32 т 
(209.45 in), but its L/71 barrel provided for a 
muzzle velocity of 1,020 m (3,346 ft) per se- 
cond for the ability to penetrate 182 mm 
(7.17 in) of armour at an angle of 30° at a 
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(22.49-Ib) APCBC projectile. 

Porsche responded with the VK4502(P), 
based on the VK4501(P) but carrying a 
beautifully-shaped turret offering excellent 
ballistic protection and at first intended for a 
150-mm (5.91-in) 1/37 or 105-mm (4.13-in) L/7O 
gun, but then revised in line with the army's 
thinking of the period to an 88-mm (3.46-in) 
L/71 gun. The VK4502(P) was thought the likely 
winner by Porsche, who organised the casting 
process for the turret before the receipt of any 
production order: but whereas the petrol- 
electric drive of the VK4501(P) had been re- 
jected largely for its novelty, the basically 
similar system of the VK4502(P) was now re- 
jected because the copper required for its 
electric motors was, by late 1943, in very short 
supply, and likely to get still scarcer. 

The winning design was therefore 
Henschel's VK4503(H), though the first 50 pro- 
duction vehicles were fitted with the Porsche 
turret before the comparable Henschel type 
became standard: the Porsche turret was 
recognizable by the cut-away lower edge of 
the turret front, which created a dangerous 
shot trap between the gun and the roof of the 
hull; the Henschel turret had a straight front 
dropping right down to the hull roof, without 
the Porsche turret's dangerous re-entrant. The 
Henschel design had been completed later 
than anticipated, the delay to October 1943 
being attributable mainly to the armament 


500 m (545 yards) with its 10.2-kg 


ministry's desire to standardize as many parts 
as possible between the new tank and the 
planned Panther Il. Henschel thereby lost a 
considerable amount of time in liaison with 
MAN. Production finally began in December 
1943 alongside the Tiger (now sometimes 
known as the Tiger | to differentiate it from its 
more powerful companion) and the type 
began to enter service in spring 1944, first see- 
ing action on the Eastern Front in May 1944. 
Production continued to the end of the Second 
World War, and amounted to 485 vehicles 
known to the Allies as the Royal Tiger or King 
Tiger, to the German soldiers as the 
Kónigstiger (King Tiger), and to German of- 
ficialdom as the PzKpfw VI Tiger Il Ausf B 
(SdKfz 182), revised at about the time of the 
tank's introduction, to PzKpfw Tiger II Ausf B 
(SdKtz 182). 

To a certain extent the Tiger Il should be 
regarded as the heavyweight counterpart to 
the Panther, rather than as a successor to the 
Tiger, and certainly the Tiger II had similarities 
to the Panther in its configuration, sloped ar- 
mour and similar powerplant. This comprised 
а 694-hp (517-kW) Maybach HL 230 P30 petrol 
engine for а 69,700-kg (153,660-Ib) vehicle, 
considerably heavier than the Panther at 
45,500 kg (100,309 16) and the Tiger | at 
55,000 kg (121,252 10). The results were in- 
evitable: reduced performance and agility as 
the power-to-weight ratio was poorer than 
those of the Panther and Tiger, unreliability as 


The PzKpfw VI Tiger II 
Ausf B, otherwise known 
as the Kóningstiger (King 
Tiger) was magnificently 
armed and armoured, but 
suffered from its great 
weight in terms of agility 
and performance. (RAC 
Tank Museum) 
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Pzkpfw VI Tiger Il Ausf B 


PzKpfw VI Tiger Ausf B (SdKfz 182 


Kónigstiger) 
(Germany) 


Type: heavy battle tank 

Crew: 5 

Combat weight: 69,750 kg (153,770 Ib) 
Dimensions: length, gun forward 10.43m 
(34.21 ft) and hull 7.25 m (23.79 ft); width 3.72 m 
(12.20 ft); height 3.27 m (10.73 ft) * 

Armament system: one 88-mm (3.46-in) gun with 
84 rounds and two 7.92-mm (0.3-in) MG34 
machine-guns with 4,800 rounds 

Armour. between 40 and 185 mm (1.57 and 
7.28 in) 

Powerplant: one(447-kW. ) Maybach HL 
230 P30 petrol engine with 865 litres (190 Imp. 
gal.) of fuel 

Performance: speed, road 38km/h (24 mph); 
range, road 110 km (68.4 miles); fording 1.625 m 
(5.33 ft); gradient 70%; vertical obstacle 0.85 m 
(2.79 ft); trench 2.5 m (8.2 ft); ground clearance 
0.49 m (19.3 in) 


the engine and transmission were overstress- 
ed, and a dismal maximum range of 110 km 
(68 miles). These failings were perhaps ex- 
cusable in a tank now used for defensive war- 
fare, its sole offensive outing being the ‘Battle 
of the Bulge' of December 1944, when many 
Tiger Ils were abandoned by their crews when 
they broke down or ran out of petrol. 

On the credit side, however, the Tiger Il was 
the best-armed and best-protected tank of the 
Second World War. The construction of the 
vehicle was of welded and well-sloped armour, 
varying in thickness from a minimum of 25 mm 
(0.98 in) on the belly to a maximum of 150 mm 
(5.91 in) on the hull upper front; the turret was 
also welded of armour up to 100 mm (3.94 in) 
thick. The internal layout was standard, with 
the driver and bow machine-gunner/radio op- 
erator in the forward compartment, the com- 
mander, gunner and loader in the central 
fighting compartment, and the engine plus 
associated transmission in the rear compart- 
ment. As in the Tiger 1, the massive turret was 
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hydraulically powered from the engine, with 
manual operation for back-up and on those oc- 
casions on which the engine was shut down. 

The only Tiger Il variant was the almost in- 
credibly powerful Panzerjáger Tiger Ausf B, a 
tank destroyer with armour to a maximum 
thickness of 250 mm (9.84 in) and a fixed 
superstructure accommodating a 128-mm 
(5.04-in) PaK 44 L/55 high-velocity gun firing a 
28.3-kg (62.446) armour-piercing shell. This 
vehicle weighed 71,700 kg (158,069 Ib) but re- 
tained the standard HL 230 P30 engine, 
resulting in yet further problems of reliability 
and mobility. Only a few were placed in ser- 
vice, but these proved truly formidable 
weapons when they had fuel and worked pro- 
perly. Fuel was a constant problem for the 
Germans in the last year of the war, and the 
problem became decisively acute in the five 
months of war during 1945. Germany's mas- 
Sive tanks of the Panther and Tiger series were 
good vehicles, using their firepower and pro- 
tection to counter the Allies’ numerical 


superiority in armoured vehicles of all types, 
but were finally immobilized for want of petrol. 
The significance of these operational tanks is 
proved by the interest with which captured ex- 
amples were examined by the victorious 
Western Allies, their many good features be- 
ing assessed for incorporation into the new 
generation of post-war tanks demanded by the 
American and British tanks. 

A not inconsiderable proportion of Ger- 
many's tank development effort in the Second 
World War was absorbed by projects that 
were patently non-starters in the tactical 
sense. The two projects that got furthest along 
the development road were also the largest 
tanks proposed in Germany during the war: 
the PzKpfw Maus (mouse) and the PzKpfw 
E100. The Maus started life in 1942 as the 
Mammut (mammoth), a super-heavy tank 
urged on Hitler by the head of the German tank 
commission, Dr Porsche, as a 150-tonne vehi- 
cle with armour ranging in thickness from a 
minimum of 40 mm (1.58 in) to a maximum of 
350 mm (13.78 in), and turret-mounted arma- 
ment of one 150-mm (5.91-in) KwK 44 L/38 or 
128-mm (5.04-in) KwK L/55 gun with 50 rounds 
plus one 75-mm (2.95-in) L/36.5 coaxial gun 
with 200 rounds. Orders were placed for six 
prototypes, made of flat-rolled plate mortised 
and welded together, and power was to be pro- 
vided by a 1,200-hp (895-kW) petrol or diesel 
engine, though the prototypes used a 1,080-hp 
(805-kW) Daimler-Benz MB 509 petrol engine 
as part of the petrol-electric drive system. With 
a crew of six, a weight of 188,000kg 
(414,462 Ib) and an overall length of 10.1 m 
(33.14 ft) including the main gun, the Maus 
first appeared in December 1943 and proved 
surprisingly successful in its running trials. 
The running gear comprised rear drive 
sprockets, front idlers and 48 partially- 
interleaved road wheels arranged in four- 
wheel bogies with longitudinal torsion bar 
suspension, and a maximum speed of 20 km/h 
(12.5 mph) was attained. The type was far too 
large and heavy for Germany's bridges, and 
was thus designed for wading to a depth of 8 m 
(26.25 ft) with the aid of tall snorkels for the 
crew and engine compartments. Development 
of this massive type, for which no coherent 
tactical use was ever formulated, continued to 
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Panzerkampfwagen Maus 
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the end of the Second World War, by which 
time nine prototypes had been or were being 
built, and plans had been laid for the produc- 
tion of 150 Maus tanks. 

The Maus had been placed in development 
against the recommendations of the army. 
The service therefore riposted with the E100 
designed by Henschel, which had earlier pro- 
posed a development of the Tiger |! as the 
VK7001 with a 128-mm (5.04-in) gun in a rear- 
mounted turret. The only one of the later Ent- 
wicklungtypen (standard types) series to reach 
the hardware stage, the six-man E100 bore 
more than a passing resemblance to the Tiger 
11, but had eight interleaved road wheels on 
each side and was considerably larger: overall 
length with the gun was 10.4 m (34.12 ft) and 
the gross weight was 140,000 kg (308,642 Ib). 
The armament comprised one 150-mm 
(5.91-in) KwK 44 L/38 gun with 50 rounds and 
one 75-mm (2.95-in) KwK L/36.5 coaxial gun 
with 200 rounds, and the armour varied from a 
minimum of 50 mm (1.98 in) to a maximum of 
200 m (7.87 in). Only one prototype was under 
construction at the end of the war, remaining 
unfinished, and the type was proposed initially 
in Ausf A form with a 700-hp (522-kW) 
Maybach P230 petrol engine, so the planned 
Ausf B variant would have used a 1,200-hp 
(895-kW) HL 234 petrol engine for a speed of 
40 km/h (24.9 mph). The E100 was the better 
of two wholly fascinating but wholly imprac- 


Panzerkampfwagen Maus 
(Germany) 


Type: super-heavy tank prototype. 
Crew: 6 
Combat weight: 188,000 kg (414,462 Ib) 
Dimensions: length, gun forward 10.10m 
(33.14 ft); width 3.67 m (12.04 ft); height 3.63 m 
(11.91 ft) 
Armament system: one 128-mm (5.04-in) gun 
with 50 rounds, one 75-mm (2.95-in) coaxial gun 
with 200 rounds, one 20-mm cannon and two 
7.92-mm (0.312-in) machine-guns 
Armour: between 40 and 350 mm (1.57 and 
13.78 in) 
Powerplant: one 895-kW (1,200-hp) Daimler- 
Benz MB 509 petrol engine 
Performance: speed, road 20 km/h (12.4 mph); 
range, road 185 km (115 miles); gradient 30°; 
vertical obstacle 0.72 m (2.36 ft); trench 4.50 m 
(14.76 ft) 

=I 


tical designs that diverted much effort from 
the task of giving the German army adequate 
numbers of effective tanks in 1944 and 1945. 

Germany's primary allies in the Second 
World War were Italy and Japan, but these fell 
far behind Germany in the development and 
employment of armour as the cornerstone of 
their land operations. It has to be admitted that 
both countries lacked an industrial base com- 
parable in size with that of Germany, but this 
merely compounded the problem that neither 
country had seriously considered the tank as 
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an offensive weapon in its own right, and 
therefore laid the organizational and tactical 
groundwork for significant armoured forces in 
the early to mid-1930s. 

During the war Italy deployed a maximum of 
70 divisions, only four of which were ar- 
moured: the 131st Centauro, 132nd Ariete and 
133га Littorio Armoured Divisions of the 1940 
establishment, and the 135th Ariete Armoured 
Cavalry Division added in April 1943. Plans 
were laid for the conversion of the 2nd 
Emanuele Filberto Testa di Ferro Cavalry Divi- 
sion into the 134th Freccia Armoured Division, 
but this conversion was never undertaken. The 


136th Giovanni Fascisti Division has 
sometimes been called an armoured forma- 
tion, but the nearest it came to such elevation 
was the use of truck-mounted artillery! After 
Italy's armistice with the Allies in 1943, the 
Fascist forces co-operating with the Germans 
in northern Italy created two armoured groups 
(the Gruppo Corazzato Leoncello and the 
Gruppo Corazzato Leonessa), while the Italian 
force co-operating with the Allies had no ar- 
moured units at all. 

Mussolini's desire to bring Italy into the Se- 
cond World War in June 1940, largely to cap- 
ture parts of southern France and the British 


The sole prototype of the 
PzKpfw Maus is seen 
under test. (RAC Tank 
Museum) 


One of the largest tanks 
ever designed, the E100 
was never completed in 
even its prototype form 
(RAC Tank Museum) 
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The M.13/40 medium tank 
was the best fighting 
vehicle available in 
quantity to the Italians 
during the Second World 
War, but was still not a 
match for contemporary 
British tanks. This is an 
M.13/40 knocked out in 
the desert fighting of 
North Africa. (RAC Tank 
Museum) 


posessions in North Africa, resulted in greater 
effort to complete the rearmament planned for 
that year. The Carro Armato M.11/39 medium 
tank was already entering service, as noted in 
the previous chapter. But a production run of 
only 100 examples of this essentially interim 
type was planned, and development of the 
new Carro Armato M.13/40 medium tank was 
therefore pushed ahead under the programme 
leadership of General di Feroleto, the inspec- 
tor of mechanized forces. 

It was thought that the hull of the M.11/39 
was adequate, so this was retained, despite its 
high silhouette, bolted construction, modest 
power and comparatively thin armour. The 
location of the main gun in the sponson on the 
M.11/39 was clearly an anachronism of disast- 
rous tactical consequences, and on the 
M.13/40 the small machine-gun turret of the 
M.11/39 was replaced by a larger unit to ac- 
commodate the new 47 mm high-velocity gun 
adopted in this vehicle. This L/32 gun fired a 
1.5-kg (4.92-Ib) armour-piercing projectile with 
a muzzle velocity of 630 m (2,067 ft) per se- 
cond, sufficient to penetrate 50 mm (1.97 in) of 
armour at 400m (435 yards) declining to 
32 mm (1.26 in) at 1,000 m (1,095 yards); the 
ordnance could also deliver a 2.45-kg (5.4-Ib) 
HE shell to a maximum range of 7,000 m 


(7,655 yards), though such a range capability 
with a simple sight system and a small shel! 
was next to useless. More important was the 
greater field of fire provided by a turret loca- 
tion: the 30° traverse and 20° total elevation 
arcs of the M 11/39's 37/40 main gun were im- 
proved to 360? traverse and 30? total eleva- 
lion arcs, the elevation arc being more 
precisely from -10° to -- 20*. The secondary 
armament comprised four 8-тт (0.315-in) 
machine-guns, disposed as a single anti- 
aircraft weapon on the turret roof, a single 
weapon coaxial with the main gun, and twin 
forward-firing weapons in the hull superstruc- 
ture. The driver and bow machine-gunner/ 
wireless operator sat in the forward compart- 
ment, and the turret was occupied by the com- 
mander/gunner and loader: the limitation on 
crew size to four men, requiring the com- 
mander to double as the gunner, was a 
Singular tactical failing 

Total production of the 14,000-kg (30,864-Ib) 
M.13/40 was 799, and the type entered com- 
bat for the first time during December 1940 in 
North Africa. The gun was thought barely ade- 
quate, though incapable of pushing its projec- 
tile through the armour of British infantry 
tanks, and the protection was clearly inade- 
quate, but the primary failing of the M.13/40 
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was its powerplant, which developed too little 
power and was prone to failure in North 
African conditions. 

The M.13/40 was therefore succeeded in 
production by the almost identical Carro Ar- 
mato M.14/41, which was built to a total of 
1,103 examples with the 145-hp (108-kW) SPA 
15 TM41 engine, sand-removing air filters and 
a weight of 14,500 kg (31,966 Ib). The final 
development in this design sequence was the 
15,500-kg (34,171-Ib) Carro Armato M.15/42, 
which began to enter service in 1943. This was 
modelled closely on the M.14/41, but hada hull 
lengthened from 4.92 m (16.14 ft) to 5.04m 
(16.54 ft), allowing the installation of a 192-hp 
(143-kW) SPA 15 TBM42 petrol engine to in- 
crease road speed from 33.3 km/h (20.7 mph) 
to 40 km/h (24.9 mph), despite the greater 
weight. Several detail modifications (such as 
additional attachment points for external 
stowage, a revised exhaust system, etc.) were 
introduced and the turret was provided with a 
power traverse system. At the same time, the 
armament was modernized, the 47/32 gun of 
the M.13/40 and M.14/41 being replaced in the 
M.15/42 by a 47/40 gun whose additional eight 
calibres of barrel length provided a muzzle 
velocity of 820 m (2,690 ft) per second, for 
greater armour penetration without any sacri- 


fice of fire rate, which remained about seven 
or eight rounds per minute. Production of the 
M.15/42 reached a maximum of 90 examples 
(perhaps less) by March 1943, when the 


Carro Armato M.13/40 
(Italy) 


Type: medium tank 

Crew. 4 

Combat weight: 14,000 kg (30,864 Ib) 
Dimensions: length overall 492m (16.14 ft); 
width 2.20 m (7.22 ft); height 2.37 m (7.78 ft) 
‘Armament system: one 47-mm Modello 37 L/32 
rifled gun with 104 rounds, and four 8-mm 
(0.315-in) Breda Modello 38 machine-guns (one 
coaxial, two bow and one AA) with 3,048 rounds; 
the turret was manually operated, the main gun 
was stabilized in neither elevation (— 10° to 
+20°) nor azimuth (360°), and simple optical 
sights were fitted 

Armour: riveted steel varying in thickness bet- 
ween 6 and 42 mm (0.24 and 1.65 in) 
Powerplant: one 93.2-KW (125-hp) Fiat-Ansaldo 
SPA 8 TM40 diesel engine with 180 litres (39.6 
Imp. gal.) of fuel in main and reserve tanks 
Performance: speed, road 31.8 km/h 
(19.75 mph); range, road 200 km (124 miles); for- 
ding 1.0m (3.28ft; gradient 70%; vertical 
obstacle 0.8 m (2.625 ft); trench 2.1 т (6.9 ft); 
ground clearance 0.41 m (16.1 in) 


Fiat-Ansaldo M.13/40 
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Italy was quick to 
appreciate that its limited 
resources in raw 
materials and production 
capability would be better 
used in the manufacture 
of self-propelled artillery 
than of genuine tanks, 
and this results in the 
Semovente da 75/18 
carrying a short-barrel 
gun/howitzer. These are 
such vehicles based on 
the chassis of the 
M.13/40 or upengined 
M.14/41 medium tank 
(WM) 
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Italians decided to halt production of this class 
of tank in favour of increased availability of 
the chassis for use in 75-mm (2.95-in), 90- 
mm (3.54-in) and 149-mm (5.87-in) self-pro- 
pelled ordnances. 

Up to 1940 the Italian army had been quite 
content with the tactical blend of its armoured 
force: the primary battlefield role was under- 
taken by medium tanks and the recon- 
naissance/scouting role was performed by 
light tanks and tankettes. Mussolini had more 
grandiose ambitions for his forces, and de- 
cided that a heavy tank was essential. This led 
to the P-series, whose prefix (standing for 
Pesante, or heavy) was followed by a numer- 
ical suffix indicating main armament calibre (in 
millimetres) or nominal weight (in tonnes) and 
after an oblique stroke the year of introduction 
(final two digits). The operational plan seems 
to have been that the new tanks would first 
supplement and then replace the M-series 
medium tanks. It is worth noting here that 
Italian tank classifications corresponded with 
neither the British nor the German systems of 
the period, and the P-series would have been 
considered either a medium tank or a light bat- 
tle tank by the British and Germans. 


Designs for the proposed Carro Armato 
P.75 were commissioned from the army's 
mechanization department and from Ansaldo 
(two competing projects from each), and after 
these had been carefully evaluated one of the 
Ansaldo designs was selected for full-scale 
development. A full-scale wooden mock-up 
was approved in December 1940, and the type 
was ordered into production with the revised 
designation Carro Armato P.26/40 and a 
nominal weight of 26 tonnes. Though still of 
bolted construction and based on the standard 
type of running gear (four twin-wheel bogies 
coupled in pairs with semi-elliptic leafspring- 
ing), in appearance this was an altogether 
more modern vehicle than the Italian medium 
tanks of the period. Initial plans called for fron- 
tal armour 40 mm (1.575 in) thick, a 330-hp 
(246-kW) diesel engine, and a 75-mm (2.95-in) 
75/18 gun/howitzer as main armament, with a 
20-mm cannon mounted coaxially. Develop- 
ment and testing of the engine was an arduous 
process, taking most of 1941, and the pro- 
totype finally ran only in October of that year, 
with 50-mm (1.97-in) frontal armour and the 
75/18 ordnance, which had a muzzle velocity 
of only 430 m (1,411 ft) per second. The latter 
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was soon changed to the more capable 75/32 
gun with a muzzle velocity of 610 m (2,001 ft) 
per second, and then again to the newer 75/34 
gun used with an 8-mm (0.315-in) coaxial 
machine-gun. The P.26/40 was finally author- 
ized for production in May 1942 with a 420-hp 
(313-kW) petrol engine instead of the pro- 
blematical diesel, whose replacement was 
first mooted as an Italian copy of the diesel 
used in the Soviets' T-34 medium tank. The in- 
tegration of the new engine consumed further 
invaluable time, and it was 1943 before pro- 
duction finally began, the order having been in- 
creased from the original 500 to 1,000. But it 
was now too late for Italy, and only 21 vehicles 


had been completed by the time Italy capit- 
ulated in September 1943. By this time, in any 
case, the P.26/40 was beginning to show signs 
of obsolescence, and plans had been laid for 
30-tonne successors, in the forms of the Carro 
Armato P.43 with a larger but lower turret 
characterized by sloped side armour and a 
commander's cupola, and of the P.40bis with 
a wider but less sloped turret that lacked the 
cupola. 

Potentially the finest Italian tank of the 
Second World War was the Carro Armato 
Celere Sahariano, a high-speed medium tank 
modelled closely on the Crusader cruiser tank 
encountered and admired by the Italians when 


The M.14/41 was the late- 
production version of the 

M.13/40 medium 

tank (ААС Tank Museum) 


The late-production 
version of the M.13/40 
was designated M.14/41, 
and from this latter was 
developed the M.15/42 
illustrated here. This used 
a petrol engine for higher 
performance, featured a 
higher velocity 47-mm 
gun, and had the hull 
access hatch moved from 
the left to the right. (RAC 
Tank Museum) 
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Though rated by the 
Italians as a heavy tank, 
the P.26/40 was by Allied 
and German standards 
little more than a medium 
tank. Only a few had been 
completed by the time of 
the Italian armistice of 
September 1943, and 
Several of these were 
taken over by the 
Germans. 


they met this British type in the North African 
fighting. The 18-tonne Italian tank was design- 
ed for desert operations, and was a long, low 
type with Christie running gear, a 250-hp 
(186-kW) petrol engine for a maximum speed 
of 70 km/h (43.5 mph), a crew of four and a 
main armament of one 75-mm (2.95-in) gun, 
though only a 47-mm weapon was carried in 
the prototype. The North African fighting had 
ended by the time the first prototype appeared 
in spring 1943, and the Sahariano was can- 
celled. 

The Japanese attitude to armour was not 
dissimilar from that of the Italians, though ar- 
moured divisions did not exist as such at the 
beginning of the war. Tanks were organized in 
Special units comprising one light company 
with 20 tanks, and two medium tank com- 
panies with a total of 48 tanks. Such a unit was 
organic to the so-called strengthened divisions 
and to some of the so-called modified divi- 
Sions, other divisions making do with the 13 
tankettes of the single armoured company 
belonging to their single organic cavalry regi- 
ment. As the war progressed the Japanese 
grouped their tanks into tank regiments, 
brigades and finally divisions: in mid-1945 
there were four armoured divisions (one in 


China, one in the Philippines and two in Japan) 
anda number of lesser units allocated at corps 
and army levels (designated army and area 
army levels by the Japanese) 

The bulk of Japan's limited armour strength 
was provided by types designed before the 
country's entry into the Second World War 
With hindsight this may seem a short-sighted 
move by the Japanese, but factors other than 
Japan's final conflict with the Western Allies 
have to be taken into account. The most impor- 
tant of these is a general lack of production 
capacity, as indicated by the fact that total 
Japanese tank production between 1931 and 
1945 amounted to only 6,450, of which 3,300 
were produced by the giant Mitsubishi com- 
pany, which had heavy commitments in air- 
craft, warship and other war construction 
fields. Second is the fact that Japan's main 
reason for war was the subjugation of China, 
so that the latter's raw materials could be 
seized and her vast markets opened to 
Japanese trade: and for the war against the 
indifferently-led and poorly-equipped Chinese, 
Japan's 1930s’ vintage light and medium 
tanks were more than adequate. Next in 
Japan's priority list was the protection of Man- 
chukuo (Manchuria) from Soviet ambitions: 
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the Soviets were known to possess large 
numbers of tanks, but the Japanese felt (with 
some justification up to 1944) that these could 
not be deployed in numbers decisive enough 
to deal with Japan's numerically stronger 
forces. And finally, the war against the 
Western Allies was to be fought in areas con- 
Sidered by the Japanese to be wholly un- 
suitable for operations by all but modest 
numbers of light and medium tanks: this ex- 
pectation proved to be completely false, and in 
both the mainland and island campaigns the 
Allies were able to bring to bear large numbers 
of light and medium tanks of types con- 
Siderably more advanced than the Japanese 
could have imagined in their plan for a short 
war. 

The most modern tank in service with the 
Japanese at the beginning of their participa- 
tion in the war was the Medium Tank Type 1 
(Chi-He), a development of the Type 97 
(Shinhoto Chi-Ha) discussed in the previous 
chapter. The Chi-He was basically similar to 
the Type 97 but had a slightly longer hull and 
was fitted with a longer-barrelled main gun, the 
47-mm Type 1 high-velocity weapon with im- 
proved armour-penetration capability. This 
was installed in a redesigned and slightly taller 
turret that provided room for a gunner, in addi- 
tion to the commander/gunner and loader of 
the Type 97, and the other main modifications 
included a revised front superstructure, 
welded rather than riveted armour to a maxi- 
mum thickness of 50mm (1.97 іп), and a 
240-hp (179-kW) Type 100 diesel for a speed of 
44 km/h (27.3 mph) at a combat weight of 
17,475 kg (38,525 Ib). The turret modification 
was most important, the separation of the 
commander and gunner functions doing much 
to ensure that the Type 1 gun was usable to 
maximum effect. The Chi-He medium battle 
tank was complemented by the Gun Tank Type 
2 (Но-!), a support version fitted with a short- 
barrel 75-mm (2.95-in) gun in a 360? traverse 
turret. The Ho-I weighed 17,300 kg (38,139 Ib) 
and was standardized for service in 1942; 
however, production was undertaken on only 
the most limited of scales. 

By 1942 the Japanese were beginning to ap- 
preciate the tactical limitations of 37- and 
47-mm anti-tank guns as the primary arma- 
ment of their light and medium tanks: such 


weapons had been able to deal with the older 
light tanks fielded by the Allies in the Far East 
during 1942, but would clearly be inadequate 
against the newer generation of light and in- 
deed medium tanks encountered at the end of 
the year and likely to become increasingly 
numerous in succeeding years. The 47-mm 
Type 1 gun, for example, had an L/54 barrel 
and fired its 1.4-kg (3.09-Ib) armour-piercing 
projectile with a muzzle velocity of 825 т 
(2,707 ft) per second, giving the shot sufficient 
energy to penetrate 50 mm (1.98 in) of armour 
at an angle of 30* at a range of 500m 
(545 yards): this was adequate by the stan- 
dards of late 1941 and early 1942, perhaps, 
but offered no hope against the newer Allied 
tanks. The problem here faced by Japanese 
tank designers was the lack of a suitable anti- 
tank weapon in a calibre greater than 47 mm, 
so they turned instead to a 'tankified' version 
of the 75-mm (2.95-in) Type 90 field gun, which 
was a Japanese development of a French 
weapon, the 85-mm (3.35in) Schneider 
Modéle 1927. This was an L/38.4 weapon and 
fired its 6.025-kg (13.28-Ib) armour-piercing or 
HE projectile with a muzzle velocity of 700 m 
(2,297 ft) per second, providing quite respec- 
table armour-penetration capability in its Type 
3 tank version. 

The hull of the Chi-He was thought ade- 
quate, so a new turret was designed round the 
Type 3 gun and installed on the basic hull to 
produce the Medium Tank Type 3 (Chi-Nu). 
The larger main gun and its turret (without a 
machine-gun in its rear face) added con- 
siderably to combat weight, which rose to 
18,800 kg (41,446 Ib) and overall height, which 
increased from the 2.39 m (7.83 ft) of the Type 
1 and 2.565 m (8.4 ft) of the Type 2 to a figure 
of 2.62 m (8.6 ft). The 240-hp (179-kW) diesel 
engine remained unchanged, and the overall 
effect was a slight reduction in performance, 
as indicated by a maximum speed of 38 km/h 
(23.6 mph). Production started in 1944, but 
Japan's increasingly acute production pro- 
blems limited manufacture to between 50 and 
60 of these significantly improved tanks. 

The same story applies to the later medium 
tanks developed by Japan. The Medium Tank 
Type 4 (Chi-To) had a lengthened 6.325-m 
(20.75-ft) hull with seven rather than six road 
wheels, and at a weight of 30,500kg 
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The Japanese Type 3 
medium tank was little 
more than the Type 1 
fitted with a larger turret 
to accommodate the 
75-mm (2.95-in) Type 3 
high-velocity gun to 
provide useful anti-tank 
capability. (RAC Tank 
Museum) 
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(67,240 Ib) carried armour varying in thickness 
from 12 to 75 mm (0.47 to 2.95 in) thick. The 
armament was again improved, the 75-mm 
(2.95-in) Type 4 tank gun being a development 
of the Type 88 anti-aircraft gun with an L/44.1 
barrel, which could fire its 6.6-kg (14.55-Ib) 
Shell with a muzzle velocity of 720 m (2,362 ft) 
per second. It is believed that about six pro- 
totypes were built 

The final expression of Japan's tank 
philosophy in the Second World War was the 
Medium Tank Type 5 (Chi-Ri). This was based 
closely on Japan's previous medium tanks, but 
was again lengthened, to 7.31 m (23.98 ft), by 
the addition of an eighth road wheel on each 
Side. Armour protection was provided on the 
same basis as that of the Chi-To, resulting in a 
weight of 37,600 kg (82,892 Ib), and a 500-hp 
(373-kW) diesel engine was planned. However, 
this latter was still under development as the 
first Chi-Ri prototypes were approaching com- 
pletion, and these were therefore engined with 
а 550-hp (410-kW) BMW aero engine using 
petrol rather than diesel oil. Maximum speed 
was 45 km/h (28 mph). The armament layout 
was also unusual for a tank of this period, the 
turret accommodating a 75-mm (2.95-in) Type 
4 tank gun and the superstructure front a 
37-mm Type 1 tank gun in a limited-traverse 
mounting. As with the Chi-To, there were also 
two 7.7-mm (0.303-in) machine-guns. Develop- 
ment of the Chi-Ri was incomplete at the end 
of the Second World War, but it seems likely 


that on a one-to-one basis this would have 
been equal to American and British medium 
tanks. 

Although the Japanese army was involved 
in the Pacific campaign of the Second World 
War, mainly on the larger islands such as New 
Guinea, Formosa and those of the East Indies 
and Philippines groups, its main interests lay 
on the Asian mainland. For this reason, 
therefore, in 1940 the army was happy to 
abandon development of its adventurous am- 
phibious light tank series to the Japanese 
navy, whose marine forces were tasked with 
primary responsibility for operations on the 
smaller islands and island chains in the 
Pacific. The navy found its starting point for 
this development stream not in the army's SR- 
series, but rather in the army's Light Tank Type 
95 (Ha-Go), whose primary components were 
used in a redesigned, all-welded and water- 
proofed hull to create the Amphibious Light 
Tank Type 2 (Ka-Mi). This was fitted with large 
3-mm (0.12-in) steel pontoons at the front and 
rear for additional buoyancy: the front pontoon 
was shaped like the bow of a boat and sub- 
divided internally into eight compartments to 
minimize the effects of shell splinters, should 
the vehicle be hit as it approached the shore. 
With its pontoons the Type 2 weighed 
11,300 kg (24,912 Ib). Water propulsion at a 
maximum speed of 9.5 km/h (5.6 mph) was 
provided by two propellers driven via a 
transfer case from the 120-hp (89.5-kW) diesel 
engine, whose decking was fitted with a tall 
snorkel to ensure uninterrupted and water- 
free aspiration, and water steering was in turn 
provided by a pair of rudders. Once the tank 
had climbed up onto the assault beach, the 
pontoons could be released from inside the 
vehicle, leaving the tank unencumbered for its 
land tasks. In this arena the standard running 
gear came into its own, this being based on 
that of the Type 95 but with the compression 
springs located inside rather than outside the 
hull: maximum speed was 37 km/h (23 mph). A 
crew of between four and six could be carried, 
the number being large for a vehicle whose 
main armament was a single 37-mm Type 1 
gun with 132 rounds in a 360° traverse turret; 
the secondary armament comprised two 
7.7-mm (0.303-in) machine-guns with 3,500 
rounds, one of these weapons being mounted 
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coaxially with the main gun and the other in the 
hull front. The Type 2 was admirably suited for 
Pacific island campaigns, for they could be 
launched well offshore in comparative safety, 
approach the target island at moderately high 
Speed, cross any reefs with their tracks, and 
then become standard light tanks on discar- 
ding the buoyancy pontoons and engine- 
breathing snorkel after climbing ashore on the 
target island. The armament was adequate for 
1941 and 1942, but at minimum and maximum 
thicknesses of 9 and 13 mm (0.35 and 0.51 in) 
the protection was decidedly scanty. 

These failings of firepower and protection 
were remedied in the Amphibious Medium 
Tank Type 3 (Ka-Chi), a 29,250-kg (64,484-6) 
vehicle based on the Medium Tank Type 1 
(Chi-He) in much the same way as the Ka-Mi 
had been derived from the Type 95 (Ha-Go). 
The running gear comprised eight road wheels 
(two four-wheel bogies) and four track-return 
rollers per side, and power was provided by a 
240-hp (179-kW) Type 100 diesel that provided 
a land speed of 32 km/h (19.9 mph) and a 
water speed of 10.5 km/h (6.5 mph) via two 
propellers. Engine aspiration was ensured on 
the water by a snorkel (complete with escape 
hatch) located above the turret and discarded, 


together with the front and rear buoyancy pon- 
toons, after the tank had come ashore. A 
maximum crew of seven was carried, the ar- 
mament was one 47-mm gun and two 7.7-mm 
(0.303-in) machine-guns, and armour to a max- 


imum thickness of 50mm (1.98in) was 
carried. 

The ultimate Japanese amphibious tank 
was the Amphibious Medium Tank Type 5 (To- 
Ku), an odd 29,500-kg (65,035-Ib) type with a 
47-mm gun and a 7.7-mm (0.303-in) machine- 
gun in the hull front, and a 25-mm cannon and 
another 7.7-mm (0.303-in) machine-gun in the 
turret. In terms of its mechanical systems, 
water-borne features and performance the 
Type 5 was similar to the Type 3, but it ap- 
peared too late for any serious consideration 
of production. 

Given their failure to appreciate the true 
course of development in armoured warfare in 
the 1930s, the Italian and Japanese tank arms 
could not emulate that of Germany, either 
operationally or technically. Italian and Japan- 
ese tanks were therefore of limited use only, in 
the Second World War, and were technical 
dead ends that generally failed to inspire post- 
war trends. 


The Japanese Type 2 


amphibious tank was a 
development of the Type 


95 light tank with 


detachable bow and stern 
flotation units. (RAC Tank 


Museum) 
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At the outbreak of war in September 1939, the 
British army possessed only two regular ar- 
moured divisions: in the UK was the 1st 
Armoured Division (formerly the Mobile Divi- 
Sion) and in Egypt was the Armoured Division 
(Egypt), which was renamed the 7th Armoured 
Division on 16 February 1940. These were 
organized on the May 1939 pattern with a 
divisional headquarters (three light cruiser and 
five heavy cruiser tanks), one light armoured 
brigade headquarters (six light cruiser tanks 
and four heavy cruiser tanks) controlling three 
light armoured regiments (each having 36 light 
and 22 light cruiser tanks), one heavy ar- 
moured brigade headquarters (six light cruiser 
and four heavy cruiser tanks) controlling three 
heavy armoured regiments (each having 26 
light cruiser, eight close support cruiser and 15 
heavy cruiser tanks) and a support group: this 
gave a divisional strength of 349 tanks. The 
overall establishment of armoured divisions 
was changed eight times up to the end of the 
Second World War, and brief details of these 
modifications are provided in the diagrams in 
the Appendix. 

The bulk of British tank strength was still 
mustered in army tank brigades controlled by 
higher-level formations (army and occasionally 
corps). Operations in the period from May 1940 
finally convinced the army that this penny- 
packet distribution of armoured strength was 
not effective, and as the situation allowed, the 
brigades (increasingly strengthened by new 
units and the transformation of cavalry bri- 
gades) were allocated to newly-formed ar- 
moured divisions. Surviving brigades were 
eventually organized into independent ar- 
moured brigade groups for operation in areas 
that did not require or could not accommodate 
& full armoured division. Thus the British 
army's muster of armoured divisions grew 
steadily throughout the war: the Guards 
Armoured Division was created in June 1941, 


the 2nd Armoured Division in December 1940, 
the 6th Armoured Division in September 1940, 
the 8th Armoured Division in November 1940. 
the 9th Armoured Division in December 1940, 
the 10th Armoured Division in August 1941, the 
11th Armoured Division in March 1941, the 
42nd Armoured Division in November 1941 
and the 79th Armoured Division in August 
1942. Armoured formations of British domi- 
nions, most notably Australia, Canada, India 
and South Africa, were generally organized on 
British lines, with similar equipment. 

At the beginning of the war British armoured 
regiments were equipped with tanks developed 
in the 1930s, but the increasingly rapid pace of 
rearmament since 1936 was beginning to pay 
dividends in newer tank types which the army 
hoped would be better suited to the type of 
operations likely to be encountered in warfare 
of the global nature that had to be considered 
by the British. These far-flung commitments 
required tanks that could operate in terrains, 
climates and logistical situations as disparate 
as those of the cold and wetness of northern. 
Europe, the heat and dryness of North Africa. 
and the Middle/Near East, and the heat and 
wetness of South-East Asia. 

The tank types serving in greatest numbers 
atthe beginning of the Second World War were 
the Light Tank Mk VI, the Infantry Tanks Mk | 
and Mk II, and the Cruiser Tanks Mk |, Mk II, Mk 
Ill and Mk IV: best of these, without any shadow 
of a doubt, were the A13 Cruiser Tank Mk III 
and A13 Mk II Cruiser Tank Mk IV, and the A12 
Infantry Tank Mk II Matilda Il, which were all 
discussed in Chapter Two. 

In the cruiser field, great things had been 
hoped of the A13 Mk Ill Cruiser Tank Mk V 
Covenanter, but as discussed above these 
hopes failed to materialize. The basic design 
was taken in hand during 1937 for development 
into the A15 Cruiser Tank Mk VI Crusader, first 
of the so-called heavy cruiser tanks but 
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retaining the same 2-pdr (40-mm) main arma- 
ment as the earlier tanks, together with the 
340-hp (253.5-kW) Liberty Mk III engine used in 
the A13. Even as it appeared, the type was 
recognized as being too lightly armed and, with 
its 40-mm (1.57-in) maximum thickness, too 
poorly armoured. The Crusader was nonethe- 
less ordered ‘off the drawing board’ in July 
1939, with Nuffield Mechanisations and Aero 
heading a consortium of nine companies 
involved in manufacture of an eventual 5,300 
examples in various marks. 

The hull was basically similar to that of the 
Covenanter, with a long low decking and a 
well-angled glacis, and the Christie type of 
running gear was again similar to that of the 
Covenanter, though with the addition of an 
extra road wheel on each side and the springs 
located inside rather than outside the hull. The 
running gear proved excellent, and the Cru- 
sader was able to exceed its legend speed of 
27 mph (43.5 km/h) by a considerable margin: 
some Crusaders were capable of speeds over 
40 mph (64.4 km/h) but high speeds not 
infrequently caused mechanical failure in the 
engine. The forward compartment was oc- 
Cupied by the driver and bow machine-gunner, 


the latter operating a single 7.92-mm (0.312-in) 
Besa machine-gun in a small turret to the left of 
the driver. The rear compartment was oc- 
cupied by the Liberty engine, a derated version 
of the aero engine designed in the First World 
War as a 400-hp (298-kW) unit. The centre of 
the vehicle was the fighting compartment, with 
the multi-side and angular (though well sloped) 
turret above it: this power-traversed turret was 
extremely cramped with its complement of 
commander, gunner and loader/radio operator, 
yet carried only a 2-pdr (40-mm) main gun, 
whose limitations were becoming apparent 
even in 1939. A 7.92-mm (0.312-in) Besa 
machine-gun was mounted coaxially with the 
main armament, and there was also a 0.303-in 
(7.7-mm) Bren light machine-gun on the roof for 
anti-aircraft defence. In the Cruiser Tank Mk 
VICS Crusader ICS the 2-pdr (40-mm) gun was 
replaced by a 3-in (76.2-mm) howitzer for use in 
the close support role. 

The Crusader was rushed into production 
and service before all its mechanical problems 
had been eliminated, and it is known that in its 
first combat operations, the ‘Battleaxe’ fighting 
of June 1941, more Crusaders were immobi- 
lized by mechanical failure than by enemy 


An A15 Cruiser Tank Mk 
VI Crusader | in the 
Western Desert. Notable 
features are the cramped, 
multi-faceted turret and 
the later-production 
bulbous mantlet for the 
2-pdr (40-mm) main gun. 
(IWM) 
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Cruiser Mk VI Crusader 1 
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action. There was also criticism of the Crusa- 
der's cramped interior and thin armour, result- 
ing in the Cruiser Tank Mk VIA Crusader Il. The 
former criticism was alleviated by omission of 
the machine-gun turret, though the space was 
frequently used to increase the 2-pdr (40-mm) 
ammunition stowage from the notional 110 
rounds; and the latter was ameliorated by 
increasing the maximum armour thickness on 
the frontal arc to 49 mm (1.93 in). The loss of 
the turret was balanced by the thicker armour, 
and the combat weight therefore remained 
steady at 42,560 116 (19,305 kg). There was 
also a Cruiser Tank Mk VIA Crusader IICS with 
a3-in(76.2-mm) close-support howitzer instead 
of the 2-pdr (40-mm) gun. 


The ultimate development of the Crusader 
gun tank was the Cruiser Tank Crusader III with 
much improved armament and the improved 
Liberty Mk IV engine, at a weight of 44,240 Ib 
(20,067 kg). In this model all provision for the 
machine-gun turret was removed, the frontal 
armour was thickened to 51 mm (2 in) and the 
main gun became a 6-pdr (57-mm) weapon. 
The 6-pdr (57-mm) Mk 3 gun weighed 768 Ib 
(348 kg) and possessed an L/42.9 barrel: this 
fired its 6.28-Ib (2.85-kg) armour-piercing shot 
with a muzzle velocity of 2,800 ft (853 m) per 
second, giving it sufficient momentum to 
penetrate 81 mm (3.19 in) of armour at an angle 
of 30? at a range of 500 yards (455 m), a 
performance comfortably exceeding the 57- 
mm (2.24-in) penetration of the 2-pdr (40-mm) 
shot. But the 6-pdr (57-mm) gun was both 
longer and heavier than its predecessor, and 
this meant revision of the turret for two-man 
operation by the gunner and commander/ 
loader/radio operator. The Crusader II] was 
available in time for the decisive 2nd Battle of 
El Alamein in October and November 1942, but 
was severely hampered by the overtaxing of 
the commander. Nevertheless the Crusader 
was a vital element of the eventual British 
success in the North African campaign, and 
though a few were used in the opening stages 
of the Italian campaign, from mid-1943 the 
Crusader disappeared rapidly as a firstline gun 
tank. 

Crusader variants worthy of note were 
command versions of the standard gun tank 
with additional radio equipment, the Crusader 
Ill (OP) artillery observation vehicle with 
dummy main armament, the Crusader Ill AA 
anti-aircraft vehicle delivered to artillery units 
in Mk | form with a single 40-mm Bofors gun 
and to armoured formations in Mks II and III 
forms with twin 20-mm Oerlikon cannon and 
coaxial 0.303-in (7.7-mm) Vickers machine- 
gun, the Crusader ARV recovery vehicle, the 
Crusader Bulldozer with a front-mounted dozer 
blade, and the Crusader Gun Tractor for the 
17-pdr (3-in/76.2-mm) anti-tank gun with 
accommodation in the hull for eight men and 
40 rounds of ammunition. 

The Covenanter and Crusader provided 
invaluable data on cruiser tank design and 
operations, resulting in the development of 


ALLIED DOMINANCE 


A15 Cruiser Tank Mk VI Crusader | 
(UK) 


Type: cruiser tank 

Crew: 5 

Combat weight: 42,560 Ib (19,305 kg) 
Dimensions: length overall 19.67 ft (5.60 m) or 
20.71 ft (6.31 m) with jettisonable fuel tank; width 
8.67 ft (2.64 m); height 7.33 ft (2.23 m) 
Armament system: one 2-pdr (40-mm) QF Mk IX 
or X rifled gun with 110 rounds, two 7.92-mm 
(0.312-in) Besa machine-guns (one co-axial and 
one in the auxiliary turret) with 4,500 rounds, one 
0.303-in (7.62-mm) Bren AA machine-gun with 
600 rounds, and one 2-in (51-mm) bomb thrower 
with 26 rounds; the turret was hydraulically 
powered, the main gun was stabilized in neither 
elevation (— 15° to + 20°) not azimuth (360°), 
and an optical fire-control system was fitted 
Armour: riveted and bolted steel varying in 
thickness from 7 to 40 mm (0.28 to 1.575 in) 
Powerplant: one 340-hp (254-kW) Nuffield Liberty 
Mk III petrol engine with 110 Imp. gal. (500 litres) 
of internal fuel plus 30 Imp. gal. (136 litres) of ex- 
ternal fuel in a jettisonable tank 

Performance: speed, road 27.5mph (44.25 
km/h); range, road 200 miles (322 km); fording 
3.25 ft (0.99 m); gradient 60% ; side slope 30%; 
vertical obstacle 2.0 ft (0.61 m); trench 7.5 ft 
(2.29 m); ground clearance 15.7 in (0.40 m) 


more capable machines better able to deal 
with German tanks. The 6-pdr (57-mm) gun was 
in all respects superior to the 50-mm KwK L/42 
and L/60 weapons used in the PzKpwf Ill, and 
to the 75-mm (2.95-in) L/24 weapon of first 
generation PzKpfw IVS; it was also comparable 
in most respects to the longer 75-mm (2.95-in) 
KwK 40 L/43 weapon of second-generation 
PzKpfw IVs. It was sensible, therefore to keep 
the 6-pdr (57-mm) gun, which even in 1944 was 
only marginally inferior to the 75-mm (2.95-in) 
KwK 40 L/48 gun of the third-generation 
PzKpfw IVs. The origins of the cruiser concept 
lay with the lightweight cavalry tank, designed 
for reconnaissance and deep penetration, 
using its speed and mobility to avoid trouble 
other than that which could be handled by thin 
armour and light armament. The Crusader was 
the last cruiser tank to be designed to this 
concept, whose fallacies were evidenced by 
the efforts made to step up the Crusader's 
protection and firepower. 

As noted above, the 6-pdr (57-mm) gun was 
beginning to mature as a weapon in 1940, 
although it entered production only in 1941 
because of the need to keep the current 2-pdr 
(40-mm) gun in production so that the losses 
suffered in the French fighting of May 1940 
could be made up. The 6-pdr (57-mm) gun 


An A15 Cruiser Tank Mk 
VI Crusader | with the 
small auxiliary machine- 
gun turret at the front of 
the hull. (RAC Tank 
Museum) 
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Never used operationally, 
the A24 Cruiser Tank Mk 
VI Cavalier used a 
development of the 
Crusader's basic hull with 
an angular turret 
mounting a 6-pdr (57-mm) 
gun 
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offered the firepower required, so the main 
problem to be addressed in the next cruiser 
tank was the deficiency in protection. By 1940 
the War Office had decided on its next move, 
and early in 1941 issued a requirement for a 
new heavy cruiser tank, to be called the 
Cromwell. 

This requirement demanded armour on a 
2.75-in (70-mm) basis, thereby offering some 
50 per cent more protection than the Crusader, 
and a 6-pdr (57-mm) main armament in a turret 
using a 60-in (1.524-m) diameter turret ring so 
that there would be adequate volume for the 
commander, gunner and loader. The require- 
ment specified a combat weight of about 
56,000 Ib (25,240 kg) for the new tank, which 
was to be powered by a Rolls-Royce Meteor (a 
derivative of the Merlin aero engine) to provide 
cruiser-type performance. The stumbling block 
to rapid progress was the Meteor, which was 
still at an early stage of development by 
Leyland and Rolls-Royce. As an interim mea- 
sure, therefore, Nuffield Mechanisations and 
Aero was commissioned to produce the A24 
Cruiser Tank Mk VII with the hull and turret of 
the proposed Cromwell but the power train and 
other mechanical features of the Crusader. 
The type was initially called the Cromwell |, but 
this was soon changed to Cavalier. The design 
was ordered into production ‘off the drawing 
board’ to the extent of 500 tanks, and the 
prototype appeared in January 1942. This 
59,360-Ib (26,926-kg) vehicle was powered by a 
410-hp (306-kW) Liberty, but was so grossly 


underpowered that consistent use of the 
maximum 24-mph (38.6-km/h) speed resulted 
in frequent engine failures. The Cavalier was 
never used in action as a gun tank, but served 
with modest success for training, and with 
greater success as the basis of specialist 
derivatives such as an observation post vehicle 
for the Royal Artillery. Perhaps most impor- 
tantly of all, its lack of success finally per- 
suaded the War Office to cease its practice of 
ordering tanks ‘off the drawing board’. 
Continued delays with the Meteor engine led 
to a second interim model, the A27L Cruiser 
Tank Mk VIII Centaur, which was originally 
called the Cromwell II, until it was decided to 
retain the name Cromwell exclusively for the 
definitive Meteor-engine variant. The Centaur 
first appeared in prototype form in June 1942, 
and was in effect the Cromwell apart from its 
use of a 395-hp (295-kW) Liberty engine, and 
since the type was designed with an engine 
compartment that could accept either engine, 
many Centaurs were re-engined with the 
Meteor when this became available in 1943, to 
become Cromwell Xs. Primary design respon- 
sibility for the Centaur was allocated in No- 
vember 1941 to Leyland rather than Nuffield 
Mechanisations and Aero, and the comparat- 
ively greater reliability and success of the 
Centaur resulted in Leyland becoming ‘parent’ 
to the Cromwell development and production 
programme, in succession to the Birmingham 
Railway Carriage and Wagon Company, which 
had accepted temporary parentage in Sep- 
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tember 1941. The other main contractors for 
the Cromwell were Morris Engines (power- 
plant) and David Brown (transmission), Leyland 
having been responsible for the running gear 
and tracks since the beginning of the program- 
me. 

The Centaur weighed 61,600 Ib (27,942 kg) 
and attained a speed of 27 mph (43.5 km/h), 
and was similar to the Cavalier in protection 
and armament: the former varied from a 
minimum of 20 mm (0.79 in) to a maximum of 
76 mm (3 in), and in the initial Centaur | and 
Centaur Il variants the latter comprised one 
6-pdr (57-mm) gun plus one or two 7.92-mm 
(0.312-in) Besa machine-guns located as one 
coaxial weapon and one optional bow weapon. 
The Centaur III introduced а 75-mm (2.95-in) 
Mk 5 gun in place of the 6-pdr (57-mm) weapon, 
and the Centaur IV was the close-support 
model with a 94-mm (3.7-in) Tank Howitzer Mk 
1. This was a short L/21.5 weapon weighing 
867 Ib (393 kg) and firing a 25-b (11.34-kg) 
projectile with a muzzle velocity of 1,075 ft (328 
m) per second; a hollow-charge projectile was 
one of the ammunition options, and this could 
penetrate 110 mm (4.33 in) of armour at an 
angle of 30? at a range of 500 yards (455 m). 
The Centaur was also used for artillery obser- 
vation with a dummy gun to allow the incorp- 
oration of additional radio equipment in the 
turret. 

The scene was finally set for the A27M 
Cruiser Tank Mk VIII Cromwell, the suffix to the 
A-series designation indicating that this was 


the Meteor- rather than Liberty-engined variant 
of the basic A27 type. Development had been 
very protracted, in part because of delays with 
the Meteor engine and in part due to the 
exhaustive evaluation programme demanded 
by the War Office after the problems with the 
Crusader and Cavalier production runs. 
Though the first Cromwell prototype had run in 
January 1942, it was January 1943 before the 
first Cromwell | gun tanks began to come off 
the production line. The first vehicles had the 
600-hp (447-kW) Meteor engine built by Rolls- 
Royce, though production of this important 
tank engine was switched as rapidly as 
possible to other sources, so that Rolls-Royce 
could concentrate on its aero engine develop- 
ment and production programmes. The availa- 
bility of the new engine finally gave British 
tanks the performance fillip they so despe- 
rately needed: there was now great reliability 
and ample power, and this latter meant that the 
engine rarely needed to be run at the high 
power settings that had caused the less 
powerful Liberty to break down with alarming 
regularity. 

The Cromwell had been planned with the 
6-pdr (57-mm) gun, but during 1942 there was a 
gradual switch in user preference from the 
dedicated anti-tank gun to a dual-capable 
weapon capable of firing anti-tank and HE 
rounds. Officers with experience of the Ameri- 
can M3 Grant and M4 Sherman tanks were 
unanimous in their praise for the 75-mm 
(2.95-in) M2 and M3 weapons used in these 


The A27L Cruiser Tank 
Mk VII Centaur was an 
interim type between the 
Crusader/Centaur and 
A27M Cromwell, and used 
the elderly Liberty engine 
(RAC Tank Museum) 
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The UK's best cruiser 
tank to serve in 
substantial numbers in 
the Second World War 
was the A27M Cromwell, 
Seen here as a Cromwell 
IV reworked with reduced- 
ratio final drive, wider 
tracks and additional 
armour: in this form the 
type was known as the 

romwell VII. (RAC Tank 
Museum) 
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vehicles, and their pressure finally convinced 
the War Office. In January 1943 it was decided 
that the majority of medium tanks should be 
fitted with a dual-capable weapon, and be 
supported in action by smaller numbers of 
tanks with role-specific anti-tank and close- 
support weapons. The result in the armament 
field was the rapid creation of the 75-mm 
(2.95-in) Mk 5/5A gun using many parts from 
the 6-pdr (57-mm) gun and firing the standard 
range of US ammunition for the M2/M3 gun. 
The British 75-mm (2.95-in) gun was derived 
from the 6-pdr (57-mm) weapon with the barrel 
bored out, shortened and fitted with a single- 
baffle muzzle brake: it weighed 692 Ib (314 kg), 
and the L/36.5 barrel fired the 13.75-Ib (6.24-kg) 
projectile with a muzzle velocity of 2,030 ft (619 
m) per second. Several other types of projectile 
could be carried, adding considerably to the 
tactical versatility of the tank, and as well as a 
capable HE projectile these included an anti- 
tank type which could penetrate 68 mm (2.68 
in) of armour at an angle of 30? at a range of 
500 yards (455 m). 

It was therefore planned to fit this weapon in 
the Cromwell, whose generous turret ring 
diameter made such a move possible without 
undue modification. But as the weapon did not 
become available until October 1943, the first 
Cromwells were delivered with the 6-pdr (57- 
mm) gun. In overall configuration the Cromwell 
was similar to the Cavalier and Centaur, and 
thus of typical British tank layout. The construc- 


tion was of armour plates of varying 
thicknesses riveted together, though some 
variants of the Mks V and VII had all-welded 
hulls, the suffix *w' being added to the designa- 
tion in these cases. The forward compartment 
was occupied by the driver and bow machine- 
gunner, the centrally located turret (traversed 
by hydraulic power) provided accommodation 
for the commander, gunner and loader/radio 
operator in a turntable basket that moved with 
the turret, and the rear compartment contained 
the engine and transmission to the rear drive 
sprockets. The Christie running gear was 
derived from that of the A13, with suitable 
strengthening, and comprised five large and 
independently-sprung road wheels but no 
track-return rollers; the idler was at the front 
The transmission included a Merritt-Brown 
combined gearbox and steering unit of the type 
validated in the Churchill infantry tank (see 
below), and this provided driving flexibility, 
reliability and maintenance simplicity far supe- 
rior to those of the Merritt-Maybach system 
used in most American and German tanks. 
The Cromwell remained in service right up to 
1950, and went through an extensive develop- 
ment programme. The Cromwell | was the 
baseline model and had an armament of one 
6-pdr (57-mm) gun and two 7.92-mm (0.312-in) 
Besa machine-guns. The Cromwell |l was 
Similar to the Mk but was fitted with tracks 
15.5 in (394 mm) rather than 14 in (356 mm) 
wide, to reduce ground pressure and thus 
promote agility in poor going. The Cromwell III 
was originally designated Cromwell X, and was 
produced by converting the Centaur | with the 
Meteor engine. The Cromwell IV was the result 
of a similar process, and was produced by 
converting the Centaur Ill with the Meteor 
engine and a 75-mm (2.95-in) gun. The Crom- 
well V marked a significant improvement in the 
basic tank, as it was the first production model 
to be fitted with the 75-mm (2.95-in) gun; there 
was also a Cromwell Vw with a welded rather 
than riveted hull. The Cromwell VI was a 
close-support version fitted with a 94-mm 
(3.7-in) howitzer in place of the 75-mm (2.95-in) 
gun. The Cromwell VII was based on the Mk IV 
but fitted with wider tracks, a reduced ratio final 
drive to decrease maximum speed from 40 to 
32 mph (64.4 to 51.5 km/h), and had increased 
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armour thicknesses, including the upgrading of 
the frontal protection to 101 mm (3.98 in), 
thereby increasing combat weight to 62,720 10 
(28,450 kg); there was also a Cromwell Vilw 
variant with the welded hull. The final produc- 
tion variant was the Cromwell VIII, which was 
essentially the Cromwell VI close-support ver- 
sion with the improvements of the Cromwell 
VII. 

Several experimental variants were pro- 
duced, these including a Cromwell Il with a 
cast turret, a Cromwell 11 with skirt armour, а 
Cromwell with appliqué armour for enhanced 
protection, and the Cromwell CIRD with the 
Canadian Indestructible Roller Device for 
mine-clearing. There were also hybrid types, 
these being designated by the suffixes D (a 
Side-opening door for the hull gunner), E (final 


A27M Cruiser Tank Mk VIII 
Cromwell IV 
(UK) 


Type: cruiser tank 

Crew: 5 

Combat weight: 61,600 Ib (27,942 kg) 
Dimensions: length, gun forward 21.06 ft 
(6.42 m) and hull 20.46 ft (6.24 m); width 10.00 ft 
(3.05 т); height 8.17 ft (2.49 m) over aerial 
mountings 

Armament system: one 75-mm (2.95-in) QF Mk V 
or VA L/36.5 rifled gun with 64 rounds, two 
7.92-mm (0.312-in) Besa machine-guns (one 
coaxial and one bow) with 4,952 rounds, two 
0.303-in (7.7-mm) Vickers Type K or Bren AA 
machine-guns with 2,000 or 600 rounds respec- 
tively, one 2-in (50.8-mm) bomb thrower with 30 
rounds, and two smoke-dischargers on each side 
of the hull rear; the turret was hydraulically 
operated, the main gun was stabilized in neither 
elevation ( — 12.5° to + 20°) nor azimuth (360°), 
and simple optical sights were fitted 

Armour: riveted, welded and steel varying in 
thickness between 8 and 76 mm (0.315 and 3 in) 
Powerplant: one 600-hp (447.4-kW) Rolls-Royce 
Meteor petrol engine with 116 Imp. gal. 
(527 litres) of fuel 

Performance: speed, road 38 mph (61.2 km/h); 
range, road 173 miles (278 km); fording 3.0 ft 
(0.91 m) without preparation or 4 ft (1.22 m) with 
preparation; gradient 4796; vertical obstacle 
3.0 ft (0.91 m); trench 7.5 ft (2.29 т); ground 
clearance 16 in (0.41 m) 


Cruiser Tank Mk VIII Cromwell IV SS 


drive ratio altered from 4.5:1 to 3.7:1) and F (a 
Side-opening door for the driver). 

The Cromwell proved itself an excellent tank 
in terms of protection and mobility, and when 
properly handled could evade the more power- 
fully armed German tanks. But this could not 
disguise the fact, recognized as early as the 
beginning of 1942, that the type would shortly 
lack the firepower anticipated for the German 
tanks likely to appear in service from late 1942 
onwards. This resulted in a development 
known as the A30 Cruiser Tank Challenger 
designed to carry the extremely powerful 
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17-pdr (3-in/76.2-mm) anti-tank gun in a new 
and somewhat larger turret. This latter was 
characterized by its height rather than its 
width, but despite the lengthening of the Crom- 
well's basic hull by the addition of a sixth road 
wheel on each side, the 70,560-Ib (32,006-kg) 
Challenger was too small for its turret, and 
performance suffered as a consequence. The 
pressures of the situation demanded produc- 
tion, however, and in 1943 some 260 Chal- 
lengers were ordered: these were generally 
used to strengthen the capabilities of Cromwell 
cruiser tank regiments in the North-West 
European campaign of 1944-45. To remedy the 
Challenger's limitations a Challenger Il version 
was produced with a shallower turret and thus 
less top weight, but this did not proceed past 
the prototype stage. There was also the A30 
Avenger, which was more akin to a self- 
propelled gun than to a tank, despite its 360° 
traverse turret. This turret had only a splinter- 
proof steel roof, and the vehicle weighed 
69,440 Ib (31,498 kg). 

The Centaur and Cromwell series also led to 
the A33 Heavy Assault Tank, which was built in 
prototype form by English Electric during 1943. 
This was basically a heavyweight development 
of the A27 series with additional armour, new 
running gear and wider tracks. The crew was 
five, the armament comprised one 75-mm 
(2.95-in) gun and one 7.92 (0.312-in) Besa 
machine-gun, and the protection varied in 
thickness up to a maximum of 114 mm (4.5 in). 
The engine was the standard 600-hp (47-kW) 
Meteor, giving this substantial 100,800-Ib 
(45,723-kg) vehicle the useful maximum speed 
of 24 mph (38.6 km/h). 


The last operational cruiser tank was 
another heavy type, the A34 Cruiser Tank 
Comet. The specific spur for the specification 
that led to development of the Comet was the 
nature of the armoured battles fought in the 
Western Desert in early 1942, when it became 
clear that current British tanks lacked a gun 
capable of defeating the armour of Germany's 
latest tanks. Just as worrying, moreover, was 
the fact that the new generation of British tanks 
was designed round the 6-pdr (57-mm) gun, 
which was possessed of only marginal supe- 
riority to current German protection and was 
therefore likely to fall short of the protection 


A34 Cruiser Tank Comet 
(UK) 


Type: cruiser tank 

Crew: 5 

Combat weight: 73,248 Ib (33,225 kg) 
Dimensions: length, gun forward 25.125 ft 
(7.66 m) and hull 21.50 ft (6.55 m); width 10.08 ft 
(3.07 m); height 8.77 ft (2.67 m) 

Armament system: one 77-mm (3.03-in) gun with 
61 rounds, two 7.92-mm (0.312in) Besa 
machine-guns with 5,175 rounds, one 0.303-in 
(7.7-mm) Bren machine-gun with 600 rounds, one 
2-in (50.8-mm) bomb-thrower with 20 rounds, and 
two pairs of smoke-dischargers 

Armour: between 14 and 101 mm (0.55 and 4 in) 
Powerplant: one 600-hp (447-kW) Rolls-Royce. 
Meteor Mk 3 petrol engine with 116 Imp. gal. 
(527 litres) of fuel 

Performance: speed, road 32 mph (51.5 km/h); 
range, road 123 miles (198 km); gradient 35*; 
vertical obstacle 3.0 ft (0.91 m); trench 8.0 ft 
(2.43 m) 


Cruiser Tank A34 Comet 
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likely to appear on newer tanks. The answer 


was a larger-calibre gun, and the ideal weapon . 


was found in the 17-pdr (3-in/76.2-mm) towed 
anti-tank gun, whose 17-0 (7.71-kg) shot was 
fired with ‚а muzzle velocity of 2,900 ft (884 m) 
per second to penetrate 130 mm (5.12 in) of 
armour at 30? at a range of 1,000 yards (915 
m). The 17-pdr (3-in/76.2-mm) gun was adapted 
for tank use by Vickers-Armstrongs as the OQF 
77-mm Mk 2, a 1,502-Ib (681-kg) weapon with a 
shorter barrel (L/49.2 rather than L/55.1) and a 
revised chamber for the shorter and wider (but 
more manageable) case: this fired the standard 
armour-piercing shot with a muzzle velocity of 
2,600 ft (792 m) per second to penetrate 109 
mm (4.29 in) of armour at an angle of 30° at a 
range of 500 yards (455 m). Plans to upgrade 
the Cromwell with this weapon proved im- 
possible, and the hybrid Challenger was also 
unsuccessful. Just one month after the appea- 
rance of the prototype Challenger in August 
1942 the decline of the British situation in North 
Africa further emphasized the need for an 
upgunned cruiser tank, and in September Ley- 
land was commissioned for a new A34 heavy 
cruiser tank with the 17-pdr (3-in/76.2-mm) gun 
and good armour on a chassis that was to use 
as many Cromwell features as possible, to 
reduce costs and speed development. 

Leyland had completed its A34 mock-up by 
September 1943 after starting definitive work 
in July of the same year, and production was 
Scheduled for mid-1944. The hull was based on 
that of the Cromwell (and thereby perpetuated 
the vertical front plate and bow machine-gun 
that had caused a certain amount of justified 
criticism), but the armour was thickened to a 
maximum of 76 mm (3 in) and the construction 
was all-welded. The same 600-hp (447-kW) 
Meteor engine and associated transmission 
were used, and the running gear was ultimately 
revised to included four track-return rollers on 
each side. The major improvement, however, 
was the welded turret with a cast front plate 
and mantlet to a thickness of 102 mm (4 in): this 
turret was roomier, had better access, sup- 
ported a 360° vision cupola for the com- 
mander, was fitted with an electrical traverse 
System, and had provision for the ready-use 
rounds to be stowed in armoured bins for 
additional protection. 


The prototype appeared in February 1944 
with running gear akin to that of the Cromwell. 
But the need to strengthen the suspension for 
the Comet's weight of 73,500 Ib (33,340 kg) 
combined with other modifications to delay 
production into the late summer, the first 
production tanks reaching regiments in Sep- 
tember 1944. Thereafter the Comet proved 
itself an excellent machine that remained in 
British service up to 1958, its most notable 
features apart from the high-quality main 
armament being its cross-country speed and 
agility: these latter, indeed, were often too 
great for the crew to endure, and the tank 
therefore has the distinction of being limited by 
crew rather than mechanical considerations. 

The British army's first two infantry tanks, 
the Matilda | and Matilda Il, had resulted from 
official requirements and specifications. The 
same cannot be said for their successor, which 
was a private venture by Vickers-Armstrong 
based on the A10 Cruiser Tank Mk II with 
components from a number of other Vickers- 
Armstrongs tanks of the period, notably the A9 
Cruiser Tank Mk | and A11 Infantry Tank Mk I. 
The result was a vehicle that was something of 
a cross between the pure infantry tank and the 
cruiser tank: the protection and armament 
were to infantry tank standards, but the 
performance fell half-way between infantry and 
cruiser tank requirements: this last was an 
unfortunate feature that led the hard-pressed 
War Office to regard the machine as a 
well-protected cruiser, and thus to allocate the 
comparatively easily-manufactured Valentine 
to the new armoured divisions being raised in 
expectation of the open warfare for which the 
Valentine really lacked the performance. 

The company presented its design to the 
War Office in February 1938, but it was July 
1939 before a production order for the Infantry 
Tank Mk III Valentine was placed and, given the 
exigencies of the situation, this order de- 
manded 275 tanks delivered in the shortest 
possible time. No prototype was required as 
the basic features of the design had already 
been well proved, and the first Valentine | 
entered service in May 1940 just as the 
German offensive against the West was un- 
leashed. Production ended in the early months 
of 1944 after some 8,275 had been built: of 
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these just under 2,700 (including all but 30 of 
the 1,420 Canadian-built machines) were sup- 
plied to the USSR. The Red Army approved the 
Valentine's simplicity, reliability and protection, 
but found the main armament hopelessly 
inadequate: the standard 2-pdr (40-mm) gun of 
the British tanks was not infrequently replaced 
in Soviet service by a 76.2-mm (3-in) weapon, 
which boosted offensive performance to a 
considerable degree but made the already 
small turret yet more cramped. 

Mention has been made above of some of 
the Valentine's virtues, and to these must be 
added the type's enormous advantage of easy 
upgrading in terms of armament and motive 
power. The basic vehicle was constructed of 
riveted armour plate, with hardly a curve in 
Sight: the driver sat in a cramped compartment 
atthe front of the vehicle, the fighting compart- 
ment was in the centre together with the 
hydraulic turret-traverse system, and the spa- 
cious engine compartment was at the rear. 
Protection over the frontal arc was good, the 
hull having 60-mm (2.36-in) front and side 
plates plus a wel-angled 30-mm (1.18-іп) 
glacis. At the rear and on top, however, the 
protection was only 8 mm (0.315 in) thick: this 
was perhaps acceptable in 1940, but was 
hopelessly thin by the standards of 1944, when 
the type finally went out of production. The 
turret was made of castings riveted or bolted 
together, offering 65-mm (2.56-in) frontal and 
60-mm (2.36-in) flank protection. As the Valen- 
tine was designed for infantry use, it was 
carried fairly high above the ground by a 
suspension system that provided, on each 
Side, two three-wheel bogies, each sprung by a 
large obliquely-located coil spring: the inner 
four wheels on each side were smaller than the 
leading and trailing wheels, giving a distinctive 
appearance to the Valentine. The suspension 
was designed only for modest speeds, and the 
running gear was completed by rear drive 
sprockets, front idlers and, on each side, three 
track-return rollers. 

Up to the Mk VIII, all Valentines weighed 
35,840 Ib (16,257 kg). The Valentine | was 
powered by a 135-hp (101-kW) AEC petrol 
engine and could reach 15 mph (24.1 km/h); 
fuel amounted to a mere 36 Imp. gal. (164 litres) 
for a range of only 90 miles (145 km), which 


was adequate by the obsolescent standards of 
the infantry tank but far too small for the tank 
when it began to be used in open warfare as a 
semi-cruiser tank. The Valentine | had a crew of 
three, and the small turret thus accommodated 
the commander and the gunner for the 2-pdr 
(40-mm) main gun, which was supported by a 
7.92-mm (0.312-in) Besa coaxial machine-gun: 
the commander had to double up as gunner 
and radio operator, and this proved a serious 
hindrance to the proper exercise of his basic 
function, which was also hampered by lack of 
adequate vision devices. The Infantry Tank Mk 
lll* Valentine 11 had a 131-hp (97.7-kW) AEC 
diesel engine, but was otherwise similar to the 
Valentine |, though often fitted with sand 
shields for desert operations. The Valentine 111 
was identical with the Valentine Il in everything 
except its turret, which was a modified type 
allowing a three-man fighting crew: the turret 
had the appearance of the original turret, but 
was modified internally by pushing the front 
plate forward and the rear plate backward, 
turret weight being increased from 6,160 Ib 
(2,794 kg) to 7,280 Ib (3,302 kg). The Valentine 
IV and Valentine V were identical with the Mk II 
and Mk Ill respectively except in the engine, 
which was a 138-hp (103-kW) GMC diesel. The 
Valentine VI and VII were produced in Canada, 
and were in effect versions of the Valentine IV 
with a General Motors diesel engine, a cast 
rather than riveted nose plate and a 0.3-in 
(7.62-mm) Browning rather than Besa coaxial 
machine-gun: the Mk VII differed from the Mk 
VI in having a remote-control system for the 
machine-gun. The Valentine VIIA was a derivat- 
ive of the Mk VII with studded tracks and 
jettisonable external fuel tanks. 

The Valentine VIII saw a considerable impro- 
vement in firepower by the adoption of a 6-pdr 
(57-mm) main gun, though the installation 
meant the sacrifice of the coaxial machine-gun 
in the two-man turret; the 6-pdr (57-mm) gun 
was controlled in elevation via a geared 
manual system, the original 2-pdr (40-mm) 
weapon having been operated directly via a 
gunner's shoulder rest. Weight was increased 
to 38,080 Ib (17,273 kg) and power was 
provided by the AEC diesel, switched in the 
otherwise identical Valentine IX to the General 
Motors diesel. Some Mk IXs were later fitted 
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with a 165-hp (123-kW) General Motors diesel, 
and this engine was also used in the last two 
production models, the Valentine X with a 6-pdr 
(57-mm) main gun and Besa coaxial machine- 
gun, and the Valentine XI with a cast nose plate 
and a 75-mm (2.95-in) gun in place of the 6-pdr 
(57-mm) weapon. 

The large number of Valentines built and the 
excellent reputation for reliability enjoyed by 
the basic vehicle both contributed to the 
extensive use of the type for a number of 
different roles. The most important of these 
developments were an armoured vehicle- 
launched bridge, roller and flailer mine- 
clearers, a flamethrower, a dozer and an 
artillery observation vehicle. The type was also 
used for development and training in the 
Straussler DD (Duplex Drive) system for am- 
phibious operations. The tank was supported in 
the water by a fabric screen, which ran round 
the hull and was both raised and made rigid by 
compressed air, and powered by a propeller 
driven off the main transmission by a transfer 
case. The Valentine was also used as the basis 
for two widely-used self-propelled guns: the 
Bishop had a 25-pdr (3.45-in/87.6-mm) gun/ 
howitzer, and the Archer carried a 17-pdr 
(8-in/76.2-mm) anti-tank gun. 

The Valentine was also the inspiration for the 
A38 Infantry Assault Tank Valiant, whose 
development was undertaken by Ruston and 


Hornsby to allow the running trials of a 
prototype to begin in mid-1944. The type had 
been planned with the fixed defences of 
Germany's 'Siegfried Line' in mind, and though 
many features and components of the Valen- 
tine were used, the Valiant had many cast 
armour sections in the turret and hull. The 
protection varied in thickness from 14 to 110 
mm (0.55 to 4.33 in) and the armament 
comprised a turret-mounted 6-pdr (57-mm) 
or 75-mm (2.95-in) gun with a 7.92-mm (0.312- 
in) Besa coaxial machine-gun. The vehicle 
turned the scales at 60,480 Ib (27,433 kg), and 
the use of a General Motors diesel of only a 
210-hp (157-kW) limited speed to 12 mph (19.3 
km/h). The concept was clearly obsolete by the 
time the prototype appeared, and only limited 
trials were undertaken before the type was 
cancelled. 

After the Valentine came the UK's most 
important infantry tank of the Second World 
War, the A22 Infantry Tank Mk IV Churchill. This 
vehicle was planned in 1939 as a replacement 
for the Matilda Il, the operational scenario envis- 
aged by the War Office comprising a Western 
Front not dissimilar to that in France during the 
First World War: this scenario called for a tank 
that was in essence a modern version of the 
rhomboidal tanks of that war, with thick armour, 
good but not exceptional armament and 
the ability to move without undue difficulty 


The Infantry Tank Mk III 
Valentine went through a 
large number of variants, 
this being a Valentine XI 
with all-welded 
construction and a 75-mm 
(2.95-in) gun. (RAC Tank 
Museum) 
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in a heavily shelled area. In September 1939 
the specification for an A20 infantry tank was 
issued, and design work was entrusted to 
Harland and Wolff in Belfast as part of the 
government's sensible (but long overdue) po- 
licy of diversifying tank design and construc- 
tion capability. Harland and Wolff built four 
prototypes by June 1940, and these revealed a 
Striking similarity to First World War practices, 
with a generally rhomboidal shape for good 
trench-crossing capability, and a main arma- 
ment of two 2-pdr (40-mm) guns located in side 
sponsons. The type was also planned with a 
central turret, but in the event none of the 
prototypes was ever fitted with turret or 
armament. 

In June 1940 the French campaign ended, 
and with it the War Office discarded its notions 
of latter-day trench warfare and thus the A20's 
raison d'étre. The design had good features in 
its hull and running gear, however, and these 
formed the basis of the vehicle designed by Dr. 
H.E. Merritt, the director of tank design, when 
the revised A22 specification was released to 
Vauxhall Motors. The country's desperate 
Situation after the defeat at Dunkirk was 
reflected in the War Office's stipulation that 
production of the A22 begin within one year, 
even though it realized that so rushed a 
programme would necessarily entail a number 
of inbuilt faults in the first model. Design began 
in July 1940 and the first A22 prototype 
appeared in December 1940, with the initial 
Churchill | production tanks coming off the line 
in June 1941 to inaugurate a programme that 
finally produced 5,640 Churchill tanks before 
production was completed in October 1945. 

Results of tank development in the late 
1930s, and the lessons of the Polish and 
Western campaigns waged and won by the 
Germans in 1939 and 1940 had resulted in a 
tank that was both lower and better protected 
than its predecessors: in the first Churchills, 
the armour varied in thickness from a minimum 
of 16 mm (0.63 in) to a maximum of 102 mm (4 
in). But two short-term limitations were the 
inadequate armament and the problem-prone 
engine. 

By 1940 it had been realized that the 2-pdr 
(40-mm) gun was too feeble a weapon for 
effective anti-tank employment, and lacked a 


Significant HE shell capability: a considerably 
more effective weapon, the 6-pdr (57-mm) gun, 
was already in existence but was not in 
production, and in the days after Dunkirk the 
decision was made to keep the obsolescent 
gun in large-scale production rather than 
phase in the 6-pdr (57-mm) weapon. So far as 
the Churchill was concerned, this meant that a 
substantial 86,240-Ib (39,118-kg) vehicle was 
fitted with a turret carrying obsolescent arma- 
ment. The situation was partially remedied in 
the Churchill | by the installation of a 3-in 
(76.2-mm) howitzer in the front plate of the hull: 
this howitzer had a useful support capability, 
though the installation can be regarded only as 
poor, because of the limited traverse imposed 
by the semi-recessed position of the front plate 
behind the projecting forward horns of the 
running gear. Compensating in part for the 
armament deficiency was the excellent ammu- 
nition stowage, amounting to 150 2-pdr (40- 
mm) rounds and 58 3-in (76.2-in) rounds without 
hampering the space left for the crew of five 
(driver and gunner in the nose compartment, 
and the commander, gunner and loader in the 
spacious turret). 

The other major limitation was the engine, a 
custom-designed Bedford petrol unit that was 
essentially a pair of six-cylinder truck engines 
lying on their sides and married to a common 
crankcase. This petrol unit developed only 350 
hp (261 kW), giving the Churchill a distinctly 
modest power-to-weight ratio, and was also 
plagued with reliability problems in its first year 
of service. Unreliability was of course a 
disadvantage in itself, but it was exacerbated 
by the Churchill's poor engine installation. The 
War Office had demanded a readily accessible 
engine compartment, but this failed to material- 
ize and even comparatively minor problems 
demanded the removal of the entire engine. 
Development and service experience gra- 
dually eliminated the engine problems, and this 
in turn reduced the adverse effect of the poor 
engine installation. Ultimately the Churchill 
became a notably reliable tank. 

The engine's power was transmitted to the 
rear drive sprockets by a flexible transmission 
System, and driving was both easier and more 
precise than on other British tanks of the 
period, through the use of hydraulics in the 
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clutch and steering systems. The latter was 
also the first operational use of the Merritt- 
Brown regenerative system, which was less 
tiring for the driver and also allowed increas- 
ingly sharp turns with reducing speed, until in 
neutral the driver could turn the tank in its own 
length. The running gear was also good, given 
the obvious constraints of the tank's design for 
the infantry role. There were 11 small 
independently-coilsprung road wheels on each 
Side. These made for a fairly bumpy ride, but 
were cheap to manufacture and install; they 
also meant that the tank could survive the loss 
of several road wheels without loss of mobility, 
and could be repaired without difficulty in the 
field. 

The Churchill remained in service with the 
British army from 1941 to 1952, and in this 
period underwent considerable development, 
especially during the Second World War. The 
Churchill | has already been described in basic 
detail, and there was also a Churchill ICS with a 
second 3-in (76.2-mm) howitzer in the turret in 
place of the 2-pdr (40-mm) gun. The Churchill I! 
was similar to the Churchill | in all but 
armament, where the hull-mounted howitzer 
was replaced by a 7.92-mm (0.312-in) Besa 
machine-gun to complement the coaxial wea- 
pon in the turret. These first two marks may be 
regarded as pilot models, and the A22 design 
began to reach maturity in the Churchill III, 
which was a much improved 87,360-Ib (39,626- 
kg) model that appeared in March 1942 with an 
all-welded turret accommodating the 6-pdr 
(57-mm) gun for greater anti-tank capability; 
the Mk III also introduced the large mudguards 
that were fitted on all later marks and retro- 
fitted to the first two variants. The Churchill IV 
was similar to the Mk 11 except for its turret, 
which was a cast rather than welded unit; in 
North Africa some Mk IVs were revised to the 
so-called Churchill IV (NA 75) standard with the 
75-mm (2.95-in) main gun and 0.3-in (7.62-mm) 
Browning coaxial machine-gun of the M3 Grant 
medium tank. The Churchill V was the first 
genuine close-support version of the series, 
and was armed with a 94-mm (3.7-in) Tank 
Howitzer Mk 1, the same weapon as that 
installed in the Centaur IV. The final variant of 
the initial Churchill series was the Churchill VI, 
another gun tank and modelled on the Mk IV 


with the exception of the main armament, 
which was a 75-mm (2.95-in) Mk 5 weapon of 
the type installed on the Centaur III and on the 
Cromwell V, VI and VII. 

The use of this weapon is an interesting 
commentary on the state of British tank gun 
development, for it compared generally unfa- 
vourably with the contemporary 75-mm (2.95- 
in) KwK 42 L/70 weapon used in the PzKpfw V 
Panther. The British Mk 5 weapon was 112.576 
in (2.86 m) long and weighed 692 Ib (314 kg), 
firing its 13.7540 (6.24-kg) projectile with a 
muzzle velocity of 2,030 ft (619 m) per second; 
by comparison the KwK 42 gun was 5.54 m 
(218 in) long and weighed 630 kg (1,389 Ib), but 
fired its 6.8-kg (15-Ib) projectile with а muzzle 
velocity of 935 m (3,068 ft) per second. The 
German gun was thus longer and heavier than 
the British weapon, but this translated into 
higher muzzle velocity with a larger projectile, 
producing an armour penetration of 92 mm 
(3.62 in), compared with only 68 mm (1.73 in) 
for the British gun. 

The Churchill VI was essentially an interim 
variant pending deliveries of the considerably 
upgraded A22F (later A42) Infantry Tank Chur- 
chill VII. The origins of the variant reach back to 
the War Office's realization that appliqué 
armour (additional thicknesses of plate at- 
tached over key areas) was not the optimum 
solution to the problem of improving protection. 
The A22F specification therefore called for a 
maximum armour thickness of 152 mm (6 in), 
though this was to be of the integral rather than 
appliqué type. The resultant Churchill VII 
retained the basic configuration and indeed 
shape of the earlier marks, but was extensively 
revised to allow the incorporation of thicker 
armour in the structure, and also to incorporate 
the many features that had been shown to be 
desirable in earlier variants. The armour varied 
inthickness from a minimum of 25 mm (0.98 in) 
to a maximum of 152 mm (6 in), and this 
increased the tank's basic weight to 89,600 Ib 
(40,643 kg). The engine remained unaltered, 
and the tank's maximum speed was reduced 
from 16 to 12.75 mph (25.75 to 20.5 km/h): this 
was a governed speed produced by a gearbox 
with lower ratios to avoid overtaxing the 
Strengthened suspension. The main armament 
was the same 75-mm (2.95-in) gun as fitted in 
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The A22F Churchill VII 
was a major redesign of 
the basic Churchill with a 
new hull/turret 
combination and a 75-mm 
(2.95-in) gun. This was the 
major Churchill variant in 
British post-war services. 
(RAC Tank Museum) 


Infantry Tank Mk IV Churchill IV m 
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A22 Infantry Tank Mk IV Churchill IV 
(UK) 


Type: infantry tank 

Crew: 5 2 

Combat weight: 87,360 Ib (39,626 kg) 
Dimensions: length overall 25.17 ft (7.67 m); 
width 10.67 ft (3.25 т); height overall 8.17 ft 
(2.49 m) 

Armament system: one 6-pdr (57-mm) QF Mk III 
L/43 or Mk V L/50 rifled gun with 84 rounds, two 
7.92-mm (0.312-in) Besa machine-guns (one 
coaxial and one bow) with 9,450 rounds, one 
0.308-in (7.7-mm) Bren AA machine-gun with 600 
rounds, and one bomb thrower with 30 rounds; 
the turret was electrically operated, the main gun 
was stabilized in neither elevation (— 12.5* to 
+ 20?) nor azimuth (360°), and simple optical 
Sights were fitted 

Armour: cast, bolted and welded steel varying in 
thickness between 16 and 104 mm (0.63 and 
4.1 in) 

Powerplant: one 350-hp (261-kW) Bedford Twin- 
six petrol engine with 150 Imp. gal. (682 litres) of 
fuel plus provision for 32.5 Imp. gal. (147.7 litres) 
of additional fuel in a jettisonable external tank 
Performance: speed, road 15.5 mph (24.9 km/h); 
range, road 120 miles (193 km) with external fuel; 
fording 3.33 ft (1.01 m) without preparation; gra- 
dient 58%; vertical obstacle 2.5 ft (0.76 m); 
trench 10.0 ft (3.05 m); ground clearance 20 in 


(0.51 m) 


the Mk VI, with a single-baffle muzzle brake, but 
the turret was a composite unit with the 
horizontal roof welded to the cast vertical 
sections and, perhaps most importantly, the 
first British example of a commander's cupola 
providing a 360° field of vision in the closed- 
down mode. The close-support version of the 
Mk VII was the Churchill VIII, which was in fact 
the last production variant of the Churchill. This 
was identical to the Mk VII in all but its 
armament, which was the same as that of the 
Mk V: one 94-mm (3.7-in) howitzer and two 
7.92-mm (0.312-in) Besa machine-guns, one 
coaxial and the other in the bow plate. 

The last three marks were earlier Churchills 
reworked to improved standards with appliqué 
armour and the cast turret of the Mk VII 
complete with the 75-mm (2.95-in) gun. The 
designations Churchill IX, X and XI were used 
for Mks 111 and IV, Mk VI and Mk V tanks 


respectively, while the suffix LT (light turret) 
was used for those that retained their original 
turrets (revised for the heavier main gun) but 
featured appliqué armour. 

The roomy nature of the Churchill's hull 
combined with its reliability and good cross- 
country performance to promote its use for a 
large number of the specialist roles. Several of 
these developments failed to pass the exper- 
imental stage, or to achieve more than very 
limited use, but others were important ar- 
moured vehicles that paved the way for future 
developments and additionally played a key 
part in the success of the British forces' final 
offensives against Germany. The Churchill 
AVRE (Armoured Vehicle Royal Engineers) was 
a specialist conversion of Mk IIl and Mk IV gun 
tanks to the standard required for assault 
engineer operations: the standard gun was 
replaced by a 290-mm (11.42-in) Petard spigot 
mortar, which could fire its 40-b (18.14-Ib) 
*Flying Dustbin' bomb over an effective range 
of 80 yards (75 m) for the clearance of 
obstacles; the interior of the tank was stripped 
of gun tank appurtenances to allow storage of 
special assault engineer stores, and the hull 
front was fitted with attachment points for 
special equipment. The Churchill Mk Il SBG 
AVRE (Standard Box Girder Armoured Vehicle 
Royal Engineers) was a 1943 Canadian deve- 
lopment of the Churchill AVRE with a 34-ft 
(10.36-m) box girder bridge on quick-release 
mountings. The bridge was controlled from a 
winch at the rear of the vehicle, and the 
practice when faced with high obstacles was 
for one Mk II SGB AVRE to place its bridge at an 
angle against the obstacle and pull back, 
allowing a second vehicle carrying fascines to 
climb the ramp thus created before dropping 
its fascines on the far side of the obstacle and 
then climbing down. The Churchill was also 
developed as a straighforward armoured 
vehicle-launched bridgelayer in forms such as 
the Churchill ARK and as the carrier and 
launcher for mobile and Bailey bridges. 

To cross sand and heavy concentrations of 
obstacle-laced barbed wire, the Churchill was 
developed as a carpet-layer with one wide or 
two narrow strips of matting carried on arm- 
supported rollers in front of the tank. When 
required, the weighted end of the matting was 
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Below The A22 Infantry 
Tank Mk ICS Churchill was 
developed in an amazing 
number of variants in 
addition to its primary gun 
tank form. This is a 
Churchill Bridgelayer 
midway through launching 
its 30-ft (9.14-m) 80-ton 
capacity bridge, which 
remained horizontal 
throughout the operation 


dropped to the ground, the tank then moving 
forward over the matting, which unrolled 
automatically; the spent bobbin was then 
discarded. Another obstacle-clearing device 
was the highly-feared flamethrower, and the 
Churchill was developed in initial Churchill Oke 
and later Churchill Crocodile forms with this 
weapon. The Oke had an internal fuel tank for 
the flamethrower, but in the Crocodile used a 
400-Imp. gal. (1,818-litre) two-wheel trailer 
tank that could be jettisoned. In both cases the 
flame gun was carried in addition to the main 


gun armament, that of the Crocodile being a 
trainable weapon located in the position of the 
bow machine-gun to fire jets to a maximum 
range of 120 yards (110 m), though a more 
practical range was 80 yards (75 m). 

Minefields were extensively laid by the 
Germans to slow and channel the advance of 
the Allied armies, and all combatants deve- 
loped their own systems to deal with this threat 
So far as the Churchill was concerned, the type 
was trialled or used with roller, plough and 
explosive devices. Light obstacles were also a 
Problem to the Allies, and here the Churchill 
came into its own with mechanical charge- 
placers such as the Light Carrot, Jones Onion, 
Goat, and Bangalore Torpedo. 

Finally in the Churchill story come the 
Churchill 3-in Gun Carrier Mk | and the A43 
Infantry Tank Black Prince. The gun carrier 
was a self-propelled mounting for the 3-in 
(76.2mm) Mk 3 AA gun in a limited-traverse 
mounting in the heightened front plate that now 
formed the forward edge of the boxlike supers- 


Churchill Crocodile 
(UK) 


Type: flamethrower infantry tank 

Crew. 5 

Combat weight: 89,600 Ib (40,643 kg) excluding 
flame-throwing equipment 

Dimensions: length overall 24.42 ft (7.44 m) ex- 
cluding flame fuel trailer; width 10.67 ft (3.25 m); 
height 8.17 ft (2.49 m) 

Armament system: one 75-mm (2.95-in) gun, one 
flame gun in the hull with 400 Imp. gal 
(1,818 litres) of flame fuel, one 7.92-mm (0.-in) 
Besa machine-gun, one 0.303-in (7.7-mm) Bren 
machine-gun with 600 rounds, and one 2-п 
(50.8-mm) bomb thrower with 30 rounds 
Armour: between 25 and 152 mm (1 and 6 in) 
Powerplant: one 350-hp (261-kW) Bedford Twin- 
six petrol engine with 182.5 Imp. gal. (830 litres) 
of fuel including 32.5 Imp. gal. (147.75 litres) ina 
jettisonable tank, and flame fuel (see above) in a 
20,160-b (9,145-kg) armoured two-wheeled 
trailer for up to 100 seconds of flame-firing in 
short bursts 

Performance: (basic Churchill VII) speed, road 
12.75 mph (20.5 km/h); range, road 90 miles 
(145km); fording 3.33 (1.01 кт) without 
preparation; vertical obstacle 2.5 ft (0.81 m); 
trench 10.0 ft (3.05 m) 
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tructure. The type was developed as an 
emergency measure in the matériel-poor days 
after Dunkirk, but the 50 production examples 
were delivered only from July 1942. The A43 
was designed between 1943 and 1945 by 
Vauxhall as an enlarged version of the Chur- 
chill with a turret large enough to carry the 
17-pdr (3-in/76.2-mm) gun, and protection to 
the same scale as that of second-generation 
Churchills. The type was unofficially known as 
the Super Churchill, and was powered by the 
same Bedford unit as the standard Churchill: 


the weight was 112,000 Ib (50,803 kg), so 
performance was dismally low. 

It remains only to mention briefly the other 
two British tanks of the Second World War, the 
Heavy Tank TOG and the A39 Heavy Assault 
Tank Tortoise. The TOG was created by a 
committee of First World War tank designers 
(hence the acronym TOG, for The Old Gang), 
and not surprisingly resembled the rhomboidal 
machines of that period, complete to the 
proposal for armament in side-mounted spon- 
sons. The tactical need for such a tank seemed 


Farleft The Churchill 
Bobbin, or Churchill AVRE 
Carpetlayer Type C Mk II, 
laid a carpet of 
scaffolding-reinforced 
hessian matting to create 
going resilient enough for 
movement over soft sand 
in amphibious assault 
operations. (PRO) 


The Churchill AVRE was 
fitted with a large-calibre 
demolition morlar and 
could also carry a fascine 
for filling trenches and 
other gap obstacles. 
(WM) 


Churchill Crocodile 
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Though its lower tracks 
helped to make the TOG 
11 less obviously related to 
First World War types 
than the original TOG I, it 
was still an obsolescent 
Concept, seen here with a 
dummy turret and 6-pdr 
(57-mm) gun. The left- 
hand aperture for the 
proposed sponson is 
visible. (RAC Tank 
Museum) 


to be indicated by the defences of the 
‘Siegfried Line’, and Sir Albert Stern called 
together his team (General Sir Ernest Swinton, 
Sir Eustace Tennyson d'Eyncourt and Mr Harry 
Ricardo) to create a machine capable of 
crossing shell-torn ground without difficulty, of 
absorbing the effects of 37- and 47-mm 
anti-tank projectiles and 105-mm (4.13-in) HE 
shells without significant damage, and conver- 
sely of inflicting substantial damage with its 
own bow-mounted field piece (firing shells able 
to deal with concrete 7 ft/2.13 m thick) and 
sponson-mounted 2-pdr (40-mm) anti-tank 
guns. Detail design was entrusted to another 
First World War ‘veteran’, in the form of 
William Foster and Co. Ltd of Lincoln. Design 
began in February 1940, and the first prototype 
TOG | was ready for trials in October of the 
same year: the sponsons had been aban- 
doned, the turret of an A12 Matilda Il being 
added on top, and the bow-mounted armament 
had been fixed as one 75-mm (2.95-in) howitzer 
or 17-pdr (3-in/76.2-mm) anti-tank gun, depend- 
ing on specific role. The vehicle carried a crew 
of six, had armour varying in thickness be- 
tween 12 and 62 mm (0.47 and 2.44 in), and at a 
weight of 179,200 Ib (81,285 kg) was powered 
by a 600-hp (447-kW) Paxman-Ricardo diesel 
driving an electric system for a speed of 8.5 
mph (13.7 km/h). The design was too long for 
adequate mobility, and was also very slow. 


Nonetheless some development work was 
undertaken with the two prototypes. The ori- 
ginal TOG | was modified as the TOG IA with 
hydraulic drive, and the TOG 1 was an 
improved model with lower tracks and a 
dummy turret carrying a 6-pdr (57-mm) gun, 
subsequently modified to TOG II* form with the 
turret and 17-pdr (3-in/76.2-mm) gun of the 
A30 Challenger. 

The Tortoise was developed to outmatch the 
heaviest German armoured fighting vehicles, 
such as the Tiger І! and Jagdtiger. The result 
was in effect a tank destroyer with a massive 
fixed superstructure of cast armour, carrying a 
development of the 3.7-in (94-mm) anti-aircraft 
gun in a mounting that allowed traverse to a 
maximum of only 20? on each side of the 
centreline. The ordnance fired a 32-b (14.51- 
kg) shot with a muzzle velocity of 3,050 ft (930 
m) per second. As the seven-man machine was 
armoured to thicknesses between 35 and 225 
m (1.38 and 8.86 in) it weighed 174,720 Ib 
(79,253 kg), and attained a speed of 12 mph 
(19.8 km/h) on its 600-hp (447-kW) Meteor 
engine. The design was begun in 1942 by 
Nuffield Mechanisations and Aero, but the six 
prototypes were not delivered until 1947, when 
trials confirmed the complete obsolescence of 
the type. 

On the other side of the Atlantic Ocean, the 
UK's lack of enthusiasm for the large-scale 
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A39 Tortoise 


technical and tactical development of ar- 
moured warfare in the 1920s and 1930s had 
been mirrored and indeed exceeded by the 
USA. During the late 1930s, however, the rapid 
worsening of the world situation prompted a 
re-evaluation. As noted in Chapter Two, the US 
Army had sought in the 1930s to mitigate the 
worst effects of the USA's isolationist foreign 
policy and its lack of financing for the services 
by pursuing an adventurous design philosophy 
with limited production allocated to industrial 
concerns capable of rapid expansion in times 
of need. This policy helped to keep the US 
Army abreast of overseas developments up to 
the mid-1930s, and the organization of the 
army's tank arm was also modified to mirror 
tactical thinking. The establishment of the First 
World War had been a Tank Corps modelled on 
that of the UK, with its tank brigades each 
comprising one heavy and two light battalions. 
This structure had been abandoned in 1920, 
however, when the Tank Corps was disbanded 
and tanks became part of the infantry arm. In 
1928 a new type of armoured force was 
created as prototype for an expanded mobile 
formation: comprising single battalions of light 
tanks, heavy tanks, infantry and artillery, this 
establishment was not successful, and was 
abandoned in the same year. A revised ar- 
moured force was formed in 1930, but this too 
enjoyed only a short career before being 
disbanded in 1932, when the 1st Cavalry 
Regiment (Mechanized) was tasked with the 
conceptual development of US armour organi- 
zation and tactics. A number of organizations 
resulted, and by 1939 there was a 7th Cavalry 
Brigade of two light tank battalions and one 


A39 Heavy Assault Tank Tortoise 
(UK) 


Type: heavy assault tank prototype 

Crew: 7 

Combat weight: 179,200 Ib (81,285 kg) 
Dimensions: length overall 33.00 ft (10.06 m) and 
hull 23.75 ft (7.24 m); width 12.83 ft (3.91 m); 
height 10.00 ft (3.05 m) 

Armament system: one 32-pdr (3.7-in/94-mm) 
gun with 60 rounds, three 7.92-mm (0.312-in) 
Besa machine-guns with 7,500 rounds, one 2-in 
(50.8-mm) bomb thrower with 30 rounds and two 
sextuple smoke-dischargers 

Armour: between 35 and 225 mm (1.38 and 
8.86 in) 

Powerplant: one 600-hp (447-kW) Rolls-Royce 
Meteor Mk V petrol engine 

Performance: speed, road 12 mph (19.3 km/h); 
range, road 28 miles (45km); fording 4.5 ft 
(1.38 m); gradient 30°; vertical obstacle 3.0 ft 
(0.91 т); trench 8.0 ft (2.43 m); ground clearance 


15 in (0.38 m) 


mechanized artillery regiment. Unfortunately 
for the Americans this brigade was cavalry- 
inspired towards light roles such as recon- 
naissance, raiding and exploitation of 
successes by other arms. 

During 1939 and 1940 the German 
successes in Poland and the West prompted a 
complete re-evaluation of the Americans’ ar- 
moured policy, and resulted in the creation of 
the Armored Force, based on the new 1st and 
2nd Armored Divisions, together with the 70th 
GHQ Tank Battalion. The diagram in the 
Appendix reveals the basic structure of the 
armoured division at this time. This organiza- 
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tion was thoroughly trialled in 1940 and 1941, 
but found deficient in a number of respects. 
These were most notably the imbalance of the 
division and the existence of too many head- 
quarters, so the 1941 establishment rectified 
the situation. This was found an altogether 
more wieldy structure, and though the number 
of tanks in each division was reduced slightly, 
the division was stronger in firepower as the 
balance of armour now favoured medium 
rather than light tanks. Tactical flexibility was 
also enhanced by the availability in each 
armored division of two Combat Command 
headquarters, each able to control any blend of 
tanks, mechanized infantry and self-propelled 
artillery, which gave the Armored Force a 
division of potent structure. 

Unfortunately for the Armored Force, it fell 
within the organizational purview of the Army 
Ground Forces, and as a result slightly more 
than half of the growing number of armoured 
battalions were allocated to direct infantry- 
support roles at infantry division level, the 
armoured divisions proper being controlled at 
corps level within an organization that com- 
bined two infantry divisions with one armored 
division: this effectively tied American armour 
to its slower-moving companion, infantry. 
Greater flexibility was provided to the ar- 
moured division by its 1943 reorganization with 
three combat command headquarters (the 
third smaller than the original two) for a smaller 
establishment. This organization survived to 
the end of the Second World War, and confirms 
the Americans’ predilection for balanced all- 
arms combat teams, rather than armoured 
forces with a preponderance of tanks sup- 
ported by infantry and artillery, as was the 
norm in the German Panzer and, to a lesser 
extent, the British armoured divisions. 

The main tank types in service with the 
Armored Force in 1941 were the Light Tank M3 
and the Medium Tank M3, both introduced to 
service in that year, after standardization in 
1940. The M3 was a straightforward develop- 
ment of the Light Tank M2A4, which had been 
standardized in 1939 as the final expression of 
the basic concept pioneered in the M2A1 of 
1935. The Americans had wished to develop a 
more capable light tank, perhaps armed with a 
75-mm (2.95-in) main gun, but the need to press 
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Light Tank M2A4 
(USA) 


Type: light tank 

Crew: 4 

Combat weight: 24,125 Ib (10,943 kg) 
Dimensions: length overall 14.58 ft (4.44 m); 
width 8.33 ft (2.54 m); height 8.33 ft (2.54 m) to 
top of commander's cupola 

Armament system: one 37-mm gun with 106 
rounds and five 0.3n (7.62-mm) Browning 
machine-guns with 7,220 rounds 

Armour: between 6.1 and 25.4 mm (0.24 and 1 in) 
Powerplant: one 250-hp (186-kW) Continental 
W-670-9A petrol engine with 54 US gal. 
(204 litres) of fuel 

Performance: speed, road 37.5 mph (60.4 km/h); 
fording 3.58 ft (1.09 m); gradient 50%; vertical 
obstacle 2.17 ft (0.66 m); trench 6.0 ft (1.83 m); 
ground clearance 14.5 in (0.37 m) 


ahead with development as rapidly as possible 
to match the numerical superiority of potential 
enemies meant that an M2 update rather than 
anew vehicle was inevitable: this removed any 
possibility of a larger-calibre main gun, 
because of the M2's narrow hull, itself dictated 
by the width capability of the Engineer Corps’ 
pontoon bridging equipment. 

The M2A4 was a moderately useful mach- 
ine. The mobility and firepower were consi- 
dered just about adequate. The 37-mm M5 gun 
was 77.35 іп (1.965 m) long, and the L/50 barrel 
fired its 1.92-Ib (0.87-kg) shot with a muzzle 
velocity of 2,545 ft (776 m) per second, giving it 
the ability to penetrate 48 mm (1.89 in) of 
armour at an angle of 30° at a range of 500 
yards (455 m). The M6 weapon used in the 
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МЗАЗ final variant was marginally better, 
having an overall length of 82.5 in (2.096 m) and 
a weight of 185 Ib (84 kg): the L/53.5 barrel gave 
the 1.9240 (0.87-kg) APCBC shot a muzzle 
velocity of 2,900 ft (1,315 m) per second for the 
ability to penetrate 61 mm (2.4 in) of armour at 
an angle of 30? at a range of 500 yards (455 m). 
But there was less satisfaction about the level 
of protection of riveted plate varying in thick- 
ness between 9.5 and 32 mm (0.37 and 1.25 in): 
overall thickness was marginally adequate, but 
serious reservations were expressed about the 
protection offered against air attack, which the 
opening operations of the Second World War 
had shown to be considerably more devastat- 
ing than had been supposed, even on the 
evidence of Blitzkrieg-type operations in the 
Spanish Civil War. Thus the M2 was taken in 
hand for development with thicker armour on 
the upper surfaces, though the overall level of 
protection was improved to a minimum of 25 
mm (1 in) and a maximum of 38 mm (1.5 in) of 
reliable homogeneous armour, rather than the 
brittle face-hardened armour of the M2 series. 
This better armour was used for the all-riveted 
construction of the baseline M3A1, raising 
weight from the M2A4's 25,760 Ib (11,685 kg) 
to 27,550 Ib (12,497 kg) in the M3A1 that was 
standardized in July 1940. The additional 
weight necessitated the incorporation of a 
weight-supporting rather than merely track- 
tensioning idler at the rear of the track run on 
each side: this idler was carried on a trailing 
arm and was entirely independent of each 


Side's arrangement of two volute-sprung twin- 
wheel bogies inherited from the M2A4's basic 
design. 

Production of the M3 series lasted until 
August 1942, the American Car and Foundry 
Company delivering some 5,811 M3 tanks in 
this period of just over two years. The Ameri- 
cans failed to fall into the trap of three-man 
crews, and the M3's four-man complement 
consisted of a driver, assistant driver/hull 
gunner, commander and gunner. Thus the 
turret had a crew of only two, a situation 
ameliorated by the comparatively light weight 
of the ammunition for the 37-mm main gun (the 
complete APCBC round weighed 3.4 Ib/1.54 
kg), which did not impose too great a burden on 
the gunner. Apart from the 37-mm M5 or M6 
main gun, the M3A1's armament comprised no 
fewer than five 0.3-in (7.62-mm) Browning 
machine-guns, located as a single coaxial 
weapon, a single bow weapon, a single anti- 
aircraft weapon on the commander's fixed 
turret-roof cupola, and two weapons in side 
sponsons fixed to deliver forward fire; these 
last were often omitted, especially in British 
service, where sandshields were generally 
installed in place of the machine-guns. The 
ammunition supply amounted to 103 37-mm 
and 8,270 0.3-in (7.62-mm) rounds. 

Development of the M3 was undertaken on a 
constant basis, and the major improvements 
added to this light tank were centred on 
structure and armament. In order of introduc- 
tion, these improvements included an all- 


Ап M3A1 light tank of the 
47th Armored Regiment 
on manoeuvres at Camp 
Chaffer, Arkansas, in 
February 1943. This 
variant had provision for a 
0.3-in (7.62-mm) machine- 
gun in the forward edge 
of each sponson. (US 
Army) 
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welded heptagonal turret of homogeneous 
armour in place of the original face-hardened 
riveted type (June 1941), a stabilizer for the 
main gun in elevation (mid-1941), a new 
Cylinder turret of cast and welded construction 
(second half of 1941), hydraulic turret traverse 
and a turret basket (second half of 1941), two 
jettisonable 22.5-US gal. (85-litre) fuel tanks to 
increase the M3's poor range in open-warfare 
conditions (early 1942), and an all-welded hull 
(just before the end of production). 

The M3 series was widely used by the British 
and dominion forces, and was given the name 
General Stuart in British service. The tank was 
widely admired for its high level of protection, 
reliability, high speed and good agility in 
difficult going, and this admiration was re- 
flected in the nickname ‘Honey’, generally 


used in preference to the official British name. 
The first production variant was the M3, which 
was called General Stuart | by the British: the 
5,311 examples of this model were powered by 
a 250-hp (186-kW) Continental W-970-9A petrol 
engine developed from a radial aero engine. It 
became clear early in the production program- 
me that there would be insufficient quantities of 
the Continental engine, however, so a 500-tank 
batch was authorized with a 220-hp (164-kW) 
Guiberson T-1020 diesel engine: this was still 
designated M3 by the Americans, but was 
called the General Stuart II by the British. The 
next variant was the Continental-engined M3A1 
(General Stuart III), introduced in August 1941 
with the cast/welded power-traversed turrot 
anda stabilized main gun. This variant weighed 
28,450 Ib (12.905 kg). reducing maximum road 
speed from 35 to 34 mph (56.3 to 54.7 km/h), 
though cross-country speed remained 
substantially unaltered at a maximum of 20 
mph (32.2 km/h) The 4,410 petrol-engined 


Light Tank M3 (Stuart I or II) 
(USA) 


Type: light tank 

Crew: 4 

Combat weight: 27,400 Ib (12,429 Ib) 
Dimensions: length overall 14.875 ft (4.53 m); 
width 7.33ft (2.23 т); height overall 8.25 ft 
(2.515 m) 

Armament system: one 37-mm M5 L/50 or М6 
USS rifled gun with 103 rounds, and five 0.3-in 
(7.7-mm) Browning M1919A4 machine-guns (one. 
Coaxial, one bow, one in each hull sponson and 
one AA) with 8.270 rounds; the turret was 
manually operated, the main gun was stabilized 
in neither elevation (— 10° to --20*) nor in 
azimuth (360°), and simple optical sights were 
fitted 

Armour: riveted steel varying in thickness bet- 
ween 10 and 64 mm (0.375 and 2.5 in) 
Powerplant: (Stuart IIl) one 250-hp (186.4-kW) 
Continental W-970-9A petrol engine or (Stuart II) 
опе 220-hp (164-kW) Guiberson Buda T-1020-4 
diesel engine with 56 US gal (212 litres) of fuel 
plus provision for 45 US gal (170.3 litres) of addi- 
tional fuel in jettisonable external tanks 
Performance: speed, road 36 mph (57.9 km/h); 
range, road 70 miles (112.7 km); fording 3.0 ft 
(0.91 m); gradient 60%; vertical obstacle 2.0 ft 
(0.61 m); trench 6.0 ft (1.83 m); ground clearance 
16.5 in (0.42 m) 
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МЗА15 were complemented by 211 examples 
of the Guiberson diesel-engined variant, known 
to the British as the General Stuart IV. The 
МЗА2 was to have been a variant of the M3A1 
with a welded hull, but as this was not put into 
production, the final M3 variant was the 
31,750-lb (14,402-kg) M3A3, known to the 
British as the General Stuart V. This introduced 
the all-welded hull, whose plates were better 
sloped than those of the riveted M3 and M3A1. 
Other modifications included a larger driver's 
compartment, elimination of sponson provision 
in favour of increased fuel and ammunition 
capacities, engine air cleaners, and a revised 
rear to the turret to allow carriage of a radio. 
The МЗАЗ was built to the extent of 3,427 
examples before production ended in October 
1943. Total production of the M3 series 
amounted to 13,859 tanks, making this the 
most prolific light tank series of the Second 
World War. The type was extensively used in 
most Allied theatres, and thanks to features 
such as its stabilized gun was still an effective 
weapon against Japanese tanks in 1945. What 
cannot be ignored, however, are the type's 
several limitations, most notably its high sil- 
houette and angular lines, the latter contribut- 
ing in no small measure to the creation of 
several shot traps. 

The next stage in US light tank development 
was inspired by the car industry, rather than by 
the Ordnance Department or the heavy engine- 
ering companies upon which the Ordnance 
Department had relied for tank production until 
it became clear that mass-production capabil- 
ity was more significant than heavy engine- 
ering experience. The Light Tank M5 was 
suggested by Cadillac, which proposed to a 
Sceptical Ordnance Department that the M3 
could be revised without difficulty to accept a 
different powerplant and transmission: the 
powerplant was to be a pair of Cadillac V-8 car 
engines, and the transmission the Cadillac 
Hydra-Matic automatic type. Cadillac con- 
verted an M3 to this standard as the M3E2 with 
a raised rear decking, an increase in internal 
fuel capacity from 56 to 89 US gal. (212 to 
337 litres), a longer superstructure, an 
angled rather than a vertical front plate, and 
elimination of the machine-gun sponsons. 

The conversion was completed in October 
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1941, and the revised model was standardized 
in February 1942 as the Light Tank M5 with a 
welded hull and the hull front thickened to a 
maximum of 64 mm (2.5 in). The turret was that 
of the M3A1, and the ammunition capacities 
were 123 37-mm and 6,250 0.3-in (7.62-mm) 
rounds. This model weighed 33,000 Ib (14,969 
kg), and with 220 hp (164 kW) available from 
the ganged Cadillac engines had much the 
same performance as the M3A3, apart from 
greater range. The M5 was called the General 
Stuart VI by the British, and was succeeded in 
production from September 1942 by the M5A1 
(also called the General Stuart VI). This final 
version weighed 33,910 Ib (15,382 kg), and 
differed from the M5 in having the turret of the 
МЗАЗ with radio bulge, improved main gun 
mounting, larger hatches for the driver and 
co-driver, and an escape hatch in the belly. 
Production of the M5 series amounted to 8,884 
(2,074 M5s and 6,810 М5А15) before produc- 
tion terminated in October 1944. 

The main variant of the M5 series was the 
Howitzer Motor Carriage M8, a 34,60046 
(15,695-kg) vehicle based on the MS but 
carrying a turret armed with one 75mm 
(2.95-in) M2 or M3 pack howitzer. The M8 
carried 46 howitzer rounds (plus further stocks 


An MS light tank on 
desert manoeuvres during 
August 1942 reveals the 
compact shape of this 
important armoured 
vehicle. Notable features 
are the welded hull and 
turret, the gyrostabilized 
37-mm main gun and the 
two hull-mounted 0.3-in 
(7.62-mm) machine-guns. 
(US Army) 
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in a small two-wheeled towed limber), and its 
secondary armament comprised one 0.5-in 
(12.7-mm) Browning machine-gun with 400 
rounds for anti-aircraft defence. The M8 was 
Placed in production in September 1942, and 
1,778 were built before the line closed in January 
1944. The M8 was generally used to provide 
medium tank battalions with fire support. 

The Americans sought to replace the МЗ/М5 
series with a light tank of more modern 
concept, notably lower silhouette and 38-mm 
(1.5-in) armour. In typically lavish US fashion 
the T7 was developed in E1 to E4 Prototypes by 
the Rock Island Arsenal to evaluate different 
features: the T7E1 was not built, but would 
have featured all-riveted construction and 
horizontal volute spring suspension; the T7E2 
had all-cast construction; the T7E3 was not 
built, but would have had all welded construc- 


Light Tank M5A1 ~———— 


tion; and the T7E4 was also not built. Develop- 
ment of the T7E2 proceeded apace, but the 
potential of the design combined with a shift in 
operational requirements to alter the concept 
to more heavily armed configuration with a 
57-mm gun, a calibre requested by the British, 
who had an interest in the tank. Thus armed, 
and powered by a 400-hp (298-kW) Wright 
R-975 petrol engine for a speed of 34 mph (54.7 
km/h), the T7E2 weighed 51,000 Ib (23,134 kg) 
and thereby moved into the medium tank class, 
which called for rearmament with a 75-mm 
(2.95-in) main gun. After reclassification as a 
medium tank in August 1942, the tank was stan- 
dardized as the Medium Tank M7. However, in 
February 1943 the order for 3,000 M7s was can- 
celled to allow all US medium tank production to 
be concentrated on tho MA corios. 

The next US light tank of the Second World 
War was therefore the Light Tank M22 deve- 
loped as the T9 to meet a requirement for a 
16,800-Ib (7,620-kg) armoured fighting vehicle 
Suitable for deployment with airborne forces. 
The specification drew submissions from J. 


Light Tank M5 (Stuart Mk VI) 
(USA) 


Type: light tank 

Crew: 4 

Combat weight: 33,000 Ib (14,969 kg) 
Dimensions: length overall 14.23 ft (4.34 m); 
width 7.375 ft (2.25 m); height overall 7.54 ft 
(2.30 m) 

Armament system: one 37-mm M6 L/55 rifled 
gun with 123 rounds and three 0.3-in (7.62-mm) 
machine-guns (one coaxial, one bow and one 
AA) with 6,250 rounds, the turret was 
hydraulically operated, the main gun was 
gyyrostabilized in elevation (— 10° to + 20°) 
but not in azimuth (360°), and simple optical 
sights were fitted 

Armour: welded steel varying in thickness bet- 
ween 10 and 64 mm (0.375 and 2.5 in) 
Powerplant: two 110-hp (82-kW) Cadillac Series 
42 petrol engines with 89 US gal. (337 litres) of 
fuel 

Performance: speed, road 36 mph (57.9 km/h); 
range, 

road 100 miles (161 km); fording 3.5 ft (1.07 m); 
gradient 60% ; vertical obstacle 1.5 ft (0.46 m); 
trench 5.33 ft (1.62 т); ground clearance 15 in 
(0.38 in) 
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Light Tank (Airborne) M22 Locust 
(USA) 


Type: light tank 

Crew: 3 

Combat weight: 16,400 Ib (7,439 kg) 
Dimensions: length overall 12.92 ft (3.94 m); 
width 7.3125 ft (2.23 m); height 5.71 ft (1.74 m) 
Armament system: one 37-mm gun with 50 
rounds and one 0.3-in (7.62-mm) Browning 
machine-gun with 2,500 rounds 

Armour: between 10 and 25 mm (0.4 and 1 in) 
Powerplant: one 162-hp (121-kW) Lycoming 
O-435T petrol engine with 57 US gal. (216 litres) 
of fuel 

Performance: speed, road 40 mph (64.4 km/h); 
range, road 135 miles (217 km); fording 3.5 ft 
(1.07 т); gradient 63% ; vertical obstacle 1.03 ft 
(0.315 т); trench 5.4ft (1.65m); ground 
clearance 9.5 in (0.24 m) 


Walter Christie, the General Motors Corpora- 
tion and the Marmon-Herrington Company, the 
submission of the last being accepted for 
further development with standard Marmon- 
Herrington running gear and an Avco Lycom- 
ing air-cooled engine. The Light Tank T9 
(Airborne) prototype was delivered in autumn 
1941 but at a weight of 17,700 Ib (8,029 kg) was 
found to be in need of further refinement during 
1942 as the T9E1 with a welded hull and cast 
lurret, a new nose without a machine-gun, 
removal of the turret power traverse and main 
armament stabilization systems, and provision 
of a removable turret (complete with turret 
basket) for enhanced air-portability. The T9E1 
was ordered into production in April 1942 as 
the Light Tank M22 with a crew of three, a 
weight of 17,025 Ib (7,723 kg) with armour 
varying in thickness between 9 and 25 mm 
(0.33 and 1 in), a maximum speed of 40 mph 
(64.4 km.h) on its 162-hp (121-kW) Lycoming 
0-435T engine, and an armament of one 37-mm 
M6 gun and one 0.3-in (7.62-mm) coaxial 
machine-gun. The M22 was surprisingly roo- 
my, but the demands of air-portability (in 
American service under a Douglas C-54 Sky- 
master four-engined transport) meant that 
armour and armament were both too light to 
give the M22 any worthwhile role in the 
European theatre. As it turned out, production 
ended in February 1944 after the delivery of 


only 830 of a planned 1,900 M22s, and the only 
combat operator of the type was the British 
army, which called the tank the Locust. In 
British service the Locust was carried by the 
General Aircraft Hamilcar glider in operations 
such as the airborne crossing of the Rhine river 
in April 1945. 

Because of its peculiar operation require- 
ment, the M22 can be described as adequate 
in mobility but woefully deficient in firepower 
and protection. These attributes were clear 
from an early stage of the T9/M22 programme, 
and the next American light tank was carefully 
planned as an altogether more operational 
vehicle in its task of replacing the M3 and M5 
series. This was the Light Tank M24, which 
emerged as without doubt the best light tank of 
the Second World War: firepower was superior 
to that of all medium tanks of 1939 through the 


The M22 Locust light tank 
was designed for airborne 
forces' use, and one of 
the few aircraft that could 
accommodate the type 
was the RAF's special 
General Aircraft Hamilcar 
glider. (RAC Tank 
Museum) 
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Lacking an effective tank 
destroyer, which was a 
tank-based vehicle 
carrying a light turret 
armed with a specialized 
anti-tank gun, the US 
Army promoted the 
development of the M36 
90-mm Gun Motor 
Carriage that entered 
service late in the Second 
World War. This was the 
hull of the obsolescent 
M10A1 tank destroyer 
itself based on the M4 
herman medium tank 
fitted with an open-topped 
turret carrying a 3-in/76- 
mm gun) with a turret 
carrying a potent anti-tank 
gun derived from the 90- 
mm (3.54-in) M1 anti- 
aircraft gun. (US 
Army/MARS) 


An M24 Chaffee light tank 
at range practice in 
France during March 
1945 with its 75-mm 
(2.95-in) M6 main gun. 
(US Army) 


use of a lightweight 75-mm (2.95-in) T13E1 gun 
with concentric recoil mechanism derived 
from the M5 aircraft weapon, protection was 
provided by a considerable lowering of sil- 
houette in combination not so much with great 
thickness of armour but rather with careful 
design of thinner (and thus lighter) armour to 
provide, a high level of ballistic protection with 
few shot traps, and mobility was at least equal 
to that of the highly praised M5. 

Since the mid-1930s the US Army had 
planned its structure with parallel tank and 
tank-destroyer forces, the latter being the Tank 
Destroyer Command. This sought to provide 
itself with vehicles carrying the same basic 
armament as the Armored Force's tanks, but 
allowing greater tactical mobility by the use of 


Overhead protection: the need for such 
vehicles was enshrined in the 'shoot-and- 
scoot’ tactics practised by the command. 
When the Armored Force began development 
of a medium tank armed with a 75-mm (2.95-in) 
main gun, therefore, the Tank Destroyer Com- 
mand sought to develop a tank destroyer with 
comparable firepower. The first result was 
the Howitzer Motor Carriage T17, based on 
the Combat Car M1E3 and standardized as the 
Howitzer Motor Carriage M8 fitted with the 
75-mm (2.95-in) M3 gun 

The programme that led to the M24 was 
launched in April 1943, the object being a 
Successor to the M5 with the features listed 
above plus a combat weight of 35,840 Ib 
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(16,257 kg) with maximum 25-mm (1-in) ar- 
mour, greater accessibility and improved 
buoyancy. Initial consideration was given to a 
Light Tank T21, but at a projected weight of 
48,160 Ib (21,845 kg) this was clearly too 
heavy. Obvious starting points were the engine 
and transmission that had proved so success- 
ful in the M5, and the running gear of the 
76-mm Gun Motor Carriage M18 ‘Hellcat’, a 
high-mobility tank destroyer using torsion bar 
suspension for five medium-diameter road 
wheels on each side. Such a vehicle was 
proposed by the Cadillac Motor Car Division of 
the General Motors Corporation, and two 
prototypes were ordered under the designation 
Light Tank T24. These were delivered in 
October 1943, and proved so successful 
during initial running trials that 1,000 were 
ordered even before the full service trials had 
been started. The tank was standardized as the 
Light tank M24 in July 1944, and production 
orders eventually totalled 5,000 units, of which 
4,070 had been built by June 1945. The M24 
entered service with the US Army in 1944, and 
in 1945 a small quantitiy was supplied to the 
British army, which gave the name Chaffee to 
the type. In combat the M24 Chaffee proved 
useful, despite the fact that the day of the light 
tank was clearly over, so far as the world’s 
most advanced armies were concerned: the 
gun proved accurate and powerful, and for its 
thickness the armour was effective. The overall 
success of the tank may be gauged from the 
fact that the type remained in extensive service 
with many armies into the late 1970s, andis still 
fielded in modest numbers by several armies in 
the late 1980s, many current examples have 
been upgraded in various ways. 

There were no variants of the M24 in its 
basic tank role, but as the vehicle had been 
planned as the baseline model of the original 
‘Lightweight Combat Team’ there were a 
number of specialist vehicles on the same 
chassis, the most important of these being a 
sextuple 0.5-in (12.7-mm) heavy machine-gun 
mounting, two armoured utility vehicles, three 
cargo carriers, a dozer and a tank recovery 
vehicle. 

Next up in size and capability from the light 
tank is the medium tank, and here the US Army 
expended enormous development and produc- 


M 24 Chaffee 


Light Tank M24 Chaffee 
(USA) 


Type: light tank 

Crew: 4-5 

Combat weight: 40,500 Ib (18,371 kg) 
Dimensions: length, gun forward 18.00ft 
(5.49 m) and hull 16.50 ft (5.03 m); width 9.67 ft 
(2.95 m); height 8.08 ft (2.46 m) including com- 
mander's cupola 

Armament system: one 75-mm (2.95-in) gun with 
48 rounds, one 0.5-in (12.7-mm) Browning 
machine-gun with 440 rounds and two 0.3-in 
(7.62-mm) Browning machine-guns with 3,750 
rounds 

Armour: between 12.7 and 38 mm (0.5 and 1.5 in) 
Powerplant: two 110-hp (82-kW) Cadillac 44T24 
petrol engines with 110 US gal. (416 litres) of fuel 
Performance: speed, road 34 mph (54.7 km/h); 
range, road 175 miles (281 km); fording 3.33 ft 
(1.02 m); gradient 60% ; side slope 30% ; vertical 
obstacle 3.0 ft (0.91 m); trench 8.0 ft (2.44 m); 


ground clearance 18 in (0.46 m) 


tion effort, as such tanks were the mainstays of 
the service's armoured divisions in the Second 
World War. In the late 1930s the US Army's 
principal vehicle in this class was the Medium 
Tank M2 and basically similar M2A1 armed 
with a 37-mm main gun, but in 1940 it was 
realized that despite their recent development, 
these were obsolete by the standard now set 
by German tank development and operations. 
In August 1940, therefore, the heads of the 
Armored Force and Ordnance Department 
decided on the specification for a new medium 
tank with armour on a 38-mm (1.5-in) basis and 
a 75-mm (2.95-in) main gun. So far as these 
features were concerned, the specification 
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The first Chrysler-built M3 
medium tank leaves the 
production facility for 
delivery on 12 April 1941 
This was an event of 
great moment, marking a 
milestone in the US car 
industry's move towards 
becoming the US Army's 
main tank supplier. 
(Chrysler Historical 
Collection) 
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was adequate: the trouble came with the 
realization that the US Army had lagged behind 
the European nations in developing large- 
diameter turrets of the type required for a 
75-mm (2.95-in) gun, and that an alternative 
installation would have to be considered. Such 
a mounting had already been trialled in a 
Medium tank T5 Phase III (the final precursor of 
the M2), which had been fitted with a 75-mm 
(2.95-in) pack howitzer in a limited-traverse 
mounting carried in a sponson on the right- 
hand side of the hull. It was decided, therefore, 
to upgrade the M2 with thicker armour and a 
75-mm (2.95-in) sponson-mounted gun in addi- 
tion to the existing 37-mm weapon (in a cast 
rather than welded turret surmounted by a 
Secondary turret accommodating the com- 
mander and a 0.3-in/7.62-mm machine-gun) as 
the new Medium Tank M3. Late in August 1940 
à recently-placed order for 1,000 M2A1s was 
modified to the same number of M3s in a 
programme co-ordinated by William Knudsen, 
president of the General Motors Corporation 
and a co-opted member of the National 
Defense Advisory Committee. It was Knudsen 
who was largely instrumental in persuading the 
US military authorities that tank production 
was better entrusted to the car industry than to 
the heavy engineering industry (in the forms of 
the American Locomotive Company and the 


Baldwin Locomotive Company for medium 
tanks), and production of the new M3 was 
allocated to a new government-owned facility 
run by the Chrysler Corporation. 

The key to the new tank was the M2 gun, a 
783-0 (355-kg) weapon derived by the Water- 
Vliet Arsenal from the celebrated French Modele 
1897 field gun. This weapon was 91.75 in (2.33 
m) long, and its L/28.5 barrel allowed the 
14.9646 (6.79-kg) armour-piercing projectile to 
be fired with a muzzle velocity of 1,860 ft (567 
m) per second, providing a penetration capabil- 
ity of G0 mm (2.36 in) of armour angled at 30? at 
arange of 500 yards (455 m): this translates as 
а 25 per cent improvement over the capabili- 
ties of the 37-mm M6 gun, and the M2 could 
also fire a useful HE as well as other rounds. 
The M2 was an interim model, the definitivo 
weapon in this calibre being the M3 weighing 
910 Ib (413 kg) and measuring 118.375 in (3.01 
m) in overall length: this had an L/37.5 barrel, 
which gave the standard armour-piercing pro- 
jectile a muzzle velocity of 2,300 ft (701 m) per 
Second for a penetration capability of 70 mm 
(2.76 in) of armour at an angle of 30? at a range 
of 500 yards (455 m). The M3 gun was ready for 
installation on later M3 tanks, and was also 
earmarked for the M3's successor, the legend- 
ary M4. The primary limitation of the 75-mm 
(2.95-in) gun mounting in the M3 was its small 
traverse (15° left and right of the centreline) 
while a useful feature was the provision (for the 
first time in an operational tank) of a Westing- 
house stabilization system for the main and 
Secondary guns in elevation. This latter allowed 
moderately accurate fire, even with the tank on 
the move, a feature imposssible with previous 
Shoulder- or gear-controlled guns. In tactical 
terms, the location of the main gun in a 
Sponson meant that much of the tank's already 
considerable height had to be exposed to bring 
the gun into action, while the engagement of 
targets more than 15? off the centreline meant 
manoeuvring the whole vehicle. 

Prototypes of the new M3 were delivered in 
January 1941 by Chrysler, additional vehicles 
following from American Locomotive (Alco) 
and Baldwin by April. Production was launched 
in August 1941, and 6,258 M3s were built 
before production ceased in December 1942: 
3,352 came from Chrysler, and smaller 
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numbers from Alco, Baldwin, Pressed Steel 
and Pullman, fully vindicating the decision to 
allocate medium tank production mainly to the 
car industry. 

The six-man M3 bore a marked similarity to 
the M2, retaining from its predecessor the 
massive and angular hull, the aero engine- 
derived powerplant, and the running gear that 
comprised on each side three twin-wheel 
bogies with vertical volute spring suspension, 
three track-return rollers (located at the upper 
end of each bogie attachment), a front drive 
sprocket and a rear idler. Oddly enough, given 
the fact that the 51,520-Ib (23,369-kg) M2A1 
was powered by a 400-hp (298-kW) Wright 
radial, the M3 had only a 340-hp (253.5-kW) 
version of the same unit to move its 60,000-Ib 
(27,216-Ib) mass, which resulted in a maximum 
speed of 26 mph (41.8 km/h) rather than the 30 
mph (48.3 km/h) of the M2A1. 

The M3 entered US service in 1941, and was 
also delivered in substantial numbers to the 
British under the terms of the Lendiease 
programme, largely for service in North Africa 
and the Far East. Though the M3 medium 
tank's production life was comparatively short, 
there appeared several important variants 
reflecting the rapid pace of development in the 
first half of the Second World War, and also the 
ability of American manufacturing companies 
to respond to these developments without 
undue delay. 

The original M3 (General Lee | in British 
service) had a riveted hull and a Wright R-975 
radial petrol engine, though some M3 (Diesel) 
tanks were fitted with a Guiberson T-1400 
diesel engine to overcome shortages of the 
Wright engine. Next came the M3A1 (General 
Lee Il), mechanically identical with the МЗ with 
Wright or Guiberson engine but built exclus- 
ively to the extent of 300 vehicles by Alco, the 
only company in the programme able to 
produce this variant's cast upper hull whose 
Side hatches were later eliminated to provide 
extra strength, an escape hatch then being 
added in the belly. The M3A2 was not used by 
the British, though the designation General Lee 
11 had been allocated, and the variant was 
mechanically identical with the M3 but based 
on a welded rather than riveted hull. M3A2 
production amounted to only 12 vehicles 


before Baldwin switched to the 63,000-Ib 
(28,577-kg) M3A3 (General Lee IV) with a 
welded hull and completely revised power- 
plant. This latter comprised two General Mo- 
tors 6-71 diesels, coupled to deliver 375 hp 
(280 kW): the larger engine installation reduced 
fuel capacity from 175 to 150 US gal. (662 to 
568 litres), but the efficiency of the diesel 
powerplant boosted range from 120 to 160 
miles (193 to 257 km). Production was by 
Baldwin to a total of 322 vehicles, and some 
British-operated M3A3s were re-engined with 
the Wright radial and given the designation 
General Lee V. The M3A4 (General Lee VI) was 
identical to the original M3 in everything but its 
engine, which was a 370-hp (276-kW) Chrysler 
А-57 multibank petrol unit, made by combining 
five car cylinder blocks on a common crank- 
shaft; the engine was longer than the earlier 
units, and to provide an adequate engine 
compartment the hull had to be increased in 
length by 14 in (0.356 m) to an overall figure of 
19.67 ft (5.99 m), increasing weight to 64,000 Ib 
(29,030 kg). Production of 109 vehicles was 
undertaken by Chrysler. The final production 
variant was the M3AS, identical to the M3A3 in 
every respect but its hull, which was riveted 
rather than welded, for a weight of 64,000 Ib 
(29,030 kg), and had the side doors either 
welded shut or eliminated: Baldwin delivered 


The M3A1 medium tank 
was mechanically 
identical with the M3 but 
has a cast rather than 
riveted upper hull 
Notable features are the 
75-mm (2.95-in) main gun 
in a sponson, a 37-mm 
gun in the turret and a 
0.3-In (7.62-mm) machine- 
gun in the cupola, as well 
as a side access hatch 
that was eliminated from 
later production 
examples. (RAC Tank 
Museum) 


ENCYCLOPAEDIA OF THE TANK 


Medium Tank 


204 


591 such vehicles, the last of them with the 
longer M3 gun fitted with a counterbalance 
weight at the muzzle. 

As noted above, tanks of the M3 series were 
delivered to the UK under Lend-Lease with the 
name General Lee. The British also bought a 
variant of the basic M3 with a number of 
modifications as the General Grant. The most 
notable of these modifications was to the 360° 
traverse turret, which was lengthened to the 
rear so that a radio could be installed, and 


stripped of its secondary turret to reduce 
overall height. Similar modification was later 
made to the M3A5 to produce the General 
Grant Il, whereupon the original variant be- 
came the General Grant |. It was as the 
General Grant that the type made its combat 
debut in the Battle of Gazala in May 1942. Hero 
for the first time the British had a tank with a 
gun matching that of the Germans' PzKpfw IV. 
The importance of the Lee/Grant to the British 
was considerable, and though there were 
problems with the fuses and filling of the type's 
HE shell earlier in 1942, the tank played a 
significant part in the British success at the 2nd 
Battle of El Alamein in October and November 
of 1942. 

The interim nature of the M3 series is 
confirmed by the speed at which it disappeared 
from service once the M4 began to arrive in 
significant numbers: the US Army declared the 
type obsolete in March 1944, and the basic 


Medium Tank M3 (Lee Mk I) 
(USA) 


Type: medium tank 
Crew: 6 

Combat weight: 60,000 Ib (27,216 kg) 
Dimensions: length overall 18.50 ft (5.64 т); 
width 8.92 ft (2.72 т); height overall 10.25 ft 
(3.12 m) 

Armament system: one 75-mm (2.95-in) M2 
28.47 or МЗ L/37.5 rifled gun with 46 rounds in 
a right-hand hull sponson allowing gyrostabilized 
elevation, and azimuth movement of 60*, one 
37-mm MS L/50 or M6 1/55 gun with 178 rounds, 
and four 0.3-in (7.62-mm) Browning M1919A4 
machine-guns (one coaxial, two bow and one 
commander's) with 9,200 rounds; the turret was 
hydraulically operated (with manual reversion), 
the 37-mm gun was gyrostabilized in elevation 
but not in azimuth (360°), and simple optical 
sights were fitted 

Armour: riveted steel varying in thickness bet- 
ween 12.7 and 57 mm (0.5 and 2.25 in) 
Powerplant: one 340-hp (253.5-kW) Continental 
R-975-EC2 or C1 petrol engine with 185 US 
gal. (700 litres) of fuel 

Performance: speed, road 26 mph (41.8 km/h); 
range, road 120 miles (193 km); fording 3.33 ft 
(1.01 m); gradient 60%; vertical obstacle 2.0 ft 
(0.61 m); trench 6.2 ft (1.89 m); ground clearance 
17 in (0.43 m) 
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chassis thereafter remained in service only in 
alternative roles. The two most important 
operational variants were the Howitzer Motor 
Carriage M7 'Priest' with a 105-mm (4.13-in) 
M2 howitzer in a limited traverse mounting 
located at the front of an open superstructure, 
and the Tank Recovery Vehicle M31. The 
chassis was also used for a wide assortment of 
experimental and limited-service variants in a 
number of roles. The British also used the 
Lee/Grant for alternative roles such as mine- 
clearing (as the Grant Scorpion with forward- 
mounted flails). 

The M3 was of tactical importance in its own 
right, but was also of significance in buying 
time for the development of the Americans" 
most important medium tank of the Second 
World War. It had been appreciated from the 
beginning of the M3 programme that the 
sponson-mounted main gun was a significant 
limitation, and on 29 August 1940 (just one day 


after the first production order for the M3 had 
been placed) design work began on an M3 
successor with its 75-mm (2.95-in) main gun in 
a 360? traverse turret: this would in itself 
provide great tactical improvements, while the 
elimination of sponsons reduced the volume 
requiring armour protection, thereby allowing a 
lighter weight of armour for a more sprightly 
vehicle or, more practically, greater weight of 
armour over the protected volume, that now 
accommodated five rather than six men. As 
much as possible of the M3 was retained, and 
the result was the Medium tank T6 develop- 
ment model with a short-barrel M2 gun in a cast 
turret on a cast hull. The machine weighed 
67,200 Ib (30,482 kg), was powered by a 400-hp 
(298-kW) Wright radial petrol engine for a 
speed of 26 mph (41.8 km/h), and in addition to 
its main gun possessed an armament of four 
0.3-in (7.62-mm) machine-guns located as one 
coaxial, one bow and two fixed foward-firing 


An immaculate M3A5 
medium tank with twin 
General Motors 6-71 
diesels is seen in its 
British form as the General 
Grant V with its British cast 
turret without cupola 

(RAC Tank Museum) 
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nose guns. Prototype vehicles were delivered 
in September 1941, and trials confirmed the 
expectations of the designers and the army: in 
October 1941 a slightly modified version of the. 
T6 (with a belly hatch and an additional driver's 
hatch in place of the the side doors) was 
standardized as the Medium Tank M4, better 
known by the name Sherman, bestowed 
initially by the British within their system of 
naming US tanks after famous American 
generals. The M4 was planned to supersede 
the M3 on all current medium tank production 
lines, with additional sources coming on 
Stream as production tempo increased. It was 
then realized that adequate casting facilities 
were not available for the anticipated number 
of hulls (at one time planned as 2,000 vehicles 
per month!), and a more boxy upper hull of 
welded construction was developed as an 
alternative. Vehicles with the welded hull were 
designated M4, and those with the cast hull 
M4A1: both used the same one-piece cast 
turret, which had a maximum frontal thickness 
of 76 mm (3 in), and Oilgear hydraulic or 
Westinghouse electric power traverse system, 
and a stabilization system for the main gun in 
elevation. The main gun was the longer-barrel 
M3 weapon rather than the M2 used in the T6. 

In overall layout the Sherman was typical of 
its era, with a forward compartment for the 
driver and co-driver/nose gunner (the two fixed 
guns of the T6 being abandoned as superfluous 
soon after the M4A1's production life had 
started), a central fighting compartment for the 
commander, gunner and loader, and a rear 
compartment for the engine. On-each side the 
running gear comprised three twin-wheel bog- 
ies with vertical volute spring suspension, three 
track-return rollers located one at the top of 
each bogie attachment unit (‘first-type suspen- 
sion’), a front drive sprocket and a rear idler. 
The standard engine was the 400-hp (298-kW) 
Wright R-975 radial petrol engine. 

The Sherman ran through a large number of 
variants and sub-variants, and these are listed 
below in order of designation rather than of 
production by the M3 manufacturers, who 
were joined by Federal Machine and Welder, 
Fisher Body, the Ford Motor Company, and 
Pacific Car and Foundry. First in the designa- 
tion sequence was the M4, designated Sher- 


man | by the British: 8,389 of this model were 
built, 6,748 of them with the standard 75-mm 
(2.95-in) M3 gun and the other 1,641 with the 
105-mm (4.13-in) M4 howitzer in the close- 
support role; the British designated the latter 
version with the Sherman IB, and the suffix 'B' 
was used thereafter to denote Shermans with 
the howitzer. The M4 was a very useful 
weapon, and was fitted in a mounting that 
allowed elevation to a maximum of 35° rather 
than the 25° of the M3 gun: the ordnance 
weighed 973 Ib (441 kg) and was 101.3 in (2.57 
m) long, its L/22.5 barrel firing a 33-Ib (14.97-kg) 
HE shell (or alternatively HEAT and Smoke 
projectiles) to give the projectile a muzzle 
velocity of 1,550 ft (472 m) per second. The M4 
was standardized in October 1941, but became 
‘only the third modol to go into production, and 
was distinguishable by its all-welded hull. Early 
Production models had a differential housing 
comprising three -cast sections bolted to- 
gether, and later models (designated Hybrid 
Sherman | by the British) had a combination 
cast and rolled hull front together with a 
one-piece cast differential housing. This evolu- 
tion of the hull front and differential was also a 
characteristic of other Sherman variants. 

Next in designation sequence, but actually 
the first to enter production, was the M4A1 
(Sherman II in British terms) with a cast hull. 
During the course of production the M4A1 


Medium Tank M4A1 (Sherman II) 
(USA) 


Type: medium tank 

Crew: 5 

Combat weight: 66,500 Ib (30,164 kg) 
Dimensions: length overall 19.17 ft (5.84 m); 
width 8.58 ft (2.62 m); height 9.00 ft (2.74 m) 
Armament system: one 75-mm (2.95-in) gun with 
89 rounds and two or three 0.3-in (7.72-mm) 
Browning machine-guns with 7,750 rounds 
Armour: between 25 and 51 mm (1 and 2 in) 
Powerplant: one 400-hp (298&-kW) Continental 
R-975-C1 petrol engine with 175 US gal. 
(662.5 litres) of fuel 

Performance: speed, road 22 mph (35.4 km/h); 
range, road 100 miles (161 km); fording 3.33 ft 
(1.01 m); gradient 60%; vertical obstacle 2.0 ft 
(0.61 m); trench 7.5 ft (2.29 m); ground clearance 
17 in (0.43 m) 
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received differential and hull front modifica- 
tions parallel to those of the M4, and the 
track-return rollers were later shifted to the 
rear of the bogie attachment units (‘second- 
type suspension’). Like the M4, the combat 
weight was 66,500 Ib (30,164 kg). Production of 
this variant amounted to 9,677 tanks, of which 
6,281 were completed with the M3 gun and the 
other 3,396 with the 76.2-mm (3-in) M1 high- 
velocity gun, whose installation was signified in 
British terminology by the designation 
Sherman IIA. This gun resulted from the real- 
ization by both the Armored Force and the 
Ordnance Department that the M3 was com- 
paratively indifferent in armour-penetration 
capability, by comparison with the guns of 
contemporary German tanks, which more- 
over were appearing with thicker armour. 
The M1 was evolved in two months from an 
anti-aircraft weapon, and tested during Sep- 
tember 1942 in a standard M4 turret. This 
proved too small for the more powerful wea- 
pon, which was then installed in the cylindrical 
turret designed for the 90-mm (3.54-in) gun of 
the Medium Tank T23. This turret proved 
excellent, and could be installed on the M4 
without modification. The gun/turret combina- 
tion was authorized for the M4A3 in February 
1944, deliveries beginning in the following 
month; the gun/turret combination was also 
used on the M4, M4A1 and M4A2, all signified 
in British usage by the suffix ‘A’ after the roman 
mark number. The M1 weighed 1,141 Ib (518 
kg) and was 163.75 in (4.16 m) long, its L/52 
barrel giving the 15.4-Ib (6.98-kg) АРСА shot a 
muzzle velocity of 3,400 ft (1036 m) per second 
for an armour-penetration capability of 102 mm 
(4 in) at a range of 1,000 yards (915 m). 

The M4A2 was called Sherman Ill or Sher- 
man IIIA by the British depending on arma- 
ment, and after standardization in December 
1941 became the second Sherman variant to 
enter production. The type was basically 
similar to the M4 with a welded hull, but had a 
different powerplant in the form of a 410-hp 
(306-kW) General Motors 6046 diesel engine, 
comprising two General Motors 6-71 diesels 
geared to a common propeller shaft, giving this 
69,000-Ib (31,298-kg) vehicle a 29-mph (46.7- 
km/h) maximum speed in comparison to the 
24-mph (38.6-km/h) speed of the two 


M4A1 Sherman Il 


previously-mentioned variants. Production 
amounted to 11,283 tanks, 8,053 of them with 
the 75-mm (2.895-in) gun and the other 3,230 
with the 76.2-mm (3-in) gun. Late-production 
examples had a more steeply inclined hull front 
that greatly simplified manufacture and also 
provided marginally better protection. 

In January 1942 a new variant was standar- 
dized as the M4A3, which was designated 
Sherman IV by the British. This was again 
similar to the M4 with a welded hull, but was 
fitted with a custom-designed tank engine, the 
500-hp (373-kW) Ford GAA. This powerful and 
reliable petrol unit was instrumental in making 
the M4A3 the most important single Sherman 


A war-weary M4A1 
Sherman in Italy. This 
type is distinguishable by 
its cast hull and turret, 
and the fact that it is an 
early-production machine 
is attested by its three- 
piece differential housing. 
(US Army) 
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Sherman M4A3 (76mm) 


variant: 11,424 were built, including 5,015 with 
the 75-mm (2.95-in) gun, 3,370 with the 76.2- 
mm (3-in) gun and the other 3,039 with the 
105-mm (4.13-in) howitzer. Once the M4A3 was 
available, the Americans generally reseved 
this model for themselves and disbursed the 
types with other engines to their Lend-Lease 
allies. Included in the total of M4A3s with the 
75-mm (2.95-in) gun were 254 examples of the 
special M4A3E2 variant, which was nicknamed 


‘Jumbo’ and produced specifically for assault 
operations in the invasion of France during 
June 1944. It had been anticipated that in this 
invasion and the subsequent break-out opera- 
tions the Allies would face heavy concentra- 
tions of powerful artillery and tank destroyers, 
so the ‘Jumbo’ was fitted with extra protection 
in the form of 102-mm (4-in) plate welded to the 
hull front, a new turret with 152-mm (6-in) 
frontal thickness, and rolled plate added to the 
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Medium Tank M4A3E8 Sherman 
(USA) 


Type: medium tank 


Crew: 5 
Combat weight: 71,175 Ib (32,285 kg) 
Dimensions: length, gun forward 24.67 ft 


(7.5128 m) and hull 20.58 ft (6.273 т); width 
8.75 ft (2.667 m); height 11.25 ft (3.43 т) to turret 
top 

Armament system: one 3-in (76-mm) M1A1/2 rifl- 
ed gun with 71 rounds, two 0.3in (7.62-mm) 
Browning M1919A4 machine-guns (one coaxial 
and one bow) with 6,250 rounds, and one 0.5-in 
(12.7-mm) Browning M2HB AA machine-gun with 
600 rounds; the turret is hydraulically powered, 
the main gun is stabilized in neither elevation 
(— 10° to +25°) nor azimuth (360°), and an op- 
tical fire-control system is fitted 

Armour: cast and welded steel varying in 
thickness between 1 and 3 in (25.4 and 76.2 mm) 
Powerplant: one 450-hp (336-KW) Ford GAA 
petrol engine with 168 US gal. (636 litres) of fuel 
Performance: speed, road 30 mph (48 km/h); 
range, road 100 miles (161 km); fording 3ft 
(0.91 m); gradient 60%; vertical obstacle 24 in 
(0.61 m); vertical obstacle 2.0 ft (0.61 m); trench 
7.4 ft (2.26 m); ground clearance 17 in (0.43 m) 
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hull top for a weight of 84,000 Ib (38,102 kg) 
rather than the 68,500 Ib (31,072 kg) of the 
standard M4A3, reducing maximum speed to 
22 mph (35.4 km/h) on the 500 hp (373 kW) of 
the GAA engine. In the field some 'Jumbos" 
were revised with the 76.2-mm (3-in) gun. 

The M4A4 was called Sherman V by the 
British, and was indeed the main type supplied 
to the UK. The type was standardized in 
February 1942 as an M4 variant with a 425-hp 
(317-kW) Chrysler multibank engine created by 
marrying five car engine cylinder blocks to a 
common crankcase. This was the same engine 
as used in the M3A4, and required a 6-in 
(0.152-m) lengthening of the rear hull and an 
additional four track shoes on each side. The 
type was phased out of production in Sep- 
tember 1943, and all 7,499 examples had the 
75-mm (2.95-in) gun and three-piece differen- 
tial housing. 

The designation M4A5 was used in the USA 
for the Canadian Ram tank, so the next 
production Sherman was the M4A6, which was 
designated Sherman VII by the British. The type 
was standardized in October 1943, and may be 
considered a variant of the M4A4 with the 


Like the M4A4 version of 
the Sherman, the M4A6 
had a slightly lengthened 
hull to allow insertion of 
the RD-1820 air-cooled 
diesel powerplant. The 
vehicle has a cast and 
rolled upper hull, and 
used vertical volute spring 
suspension. Production 
amounted to only 75 
vehicles, which were 
hampered by the turret 
traverse limitations 
imposed by the bolstering 
of the hull top plates to 
accommodate the diesel. 
(RAC Tank Museum) 
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An overhead view 
emphasizes the barrel 

1 length of the Sherman VC 
Firefly's 17-pdr gun as 

| well as the simple shape 
of the turret with 
additional hatch for the 
loader and the small 
bustle for the radio. (/WM) 
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497-hp (371-kW) Caterpillar D-200A diesel 
engine: the longer hull, more widely-spaced 
bogies, extended tracks and 71,000-Ib (32,206- 
kg) weight were retained, and the 75-mm 
(2.95-in) gun was standard. Production 
amounted to only 75 tanks, for at the end of 
1943 it was decided to cease powerplant 
experimentation and concentrate all produc- 
tion effort on the Wright- and Ford-engined 
models. Total production of Sherman gun tanks 
was thus 48,347, but this is by no means the 
whole of the Sherman story (or even of the 


Sherman VC Firefly 


(USA/UK) 

Type: medium tank 

Crew: 4 

Combat weight: 77,840 Ib (35,308 kg) 
Dimensions: length, gun forward 25.50 ft 


(7.77 m); width 9.50 ft (2.90 т); height 9.33 ft 
(2.84 m) 

Armament system: one 17-pdr (3-in/76.2-mm) 
gun with 78 rounds, one 0.5-in (12.7-mm) Brown- 
ing machine-gun with 500 rounds and one 0.3-in 
(7.62-mm) Browning machine-gun with 5,000 
rounds 

Armour: between 19 and 76 mm (0.75 and 3 in) 

Powerplant: one 425-hp (317-kW) Chrysler A57 
petrol engine with 150 US gal. (568 litres) of fuel 
Performance: speed, road 22.25 mph 
(35.8 km/h); range, road 125 miles (201 km); for- 
ding 3.5 ft (1.07 m); gradient 60%; side slope 
30%; vertical obstacle 2.0 ft (0.61 m); trench 
8.0 ft (2.44 m); ground clearance 16 in (0.41 m) 


Sherman gun tank story), for there were a large 
number of important variants produced by 
production-line, depot or even field modifica- 
tion. 

The best known of these is perhaps the 
Sherman ‘Firefly’, a British conversion with the 
17-раг (3-in/76.2-mm) high-velocity anti-tank 
gun (indicated by the suffix 'C') for enhanced 
tank-destroying capability. Most Fireflies were 
of the Sherman VC variety, but there were also 
Sherman IC, ІС, IIIC and IVC versions, and 
the family proved highly important in the 


Sherman VC Firefly 
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Normandy and subsequent North-West Euro- 
pean campaigns as the Allied tanks best able 
to tackle the Panther and Tiger on anything 
approaching an equal firepower footing. For 
installation in the Sherman turret the 17-pdr 
(3-in/76.2-mm) gun had to be turned on its side 
and adapted for left-hand loading, and was 
provided with new mounting, recoil and elevat- 
ing gear. The long breech section of the gun 
occupied so much room that the radio had to 
be shifted into an armoured box suspended 
from the rear of the turret, and this served the 
useful purpose of balancing the long barrel 
section of the gun. To provide maximum 
stowage for main armament ammunition, the 
bow machine-gun and its gunner's position 
were eliminated, allowing the accommodation 
of 78 rounds. 

Other major modifications were less obvious 
but also important. Typical of these, and 
coincident with the more sharply angled 47° 


hull front on the M4A3, was wet stowage for the 
main armament ammunition inside the vertical 
superstructure faces: the original stowage 
arrangement of dry racks had resulted in many 
disastrous fires and explosions, so the wet 
stowage used a hollow casing filled with a 
water/glycerine mixture to reduce the chance 
of combustion. Provision of such stowage was 
costly financially and in terms of manufactur- 
ing time, but proved well worth the expense. 
Another important change was horizontal 
rather than vertical volute spring suspension 
(indicated in the US and British terminologies 
by the suffix 'EB' and 'Y' respectively): this was 
introduced to provide greater flotation and 
simplified maintenance, though the system's 
use of tracks 23 in (584 mm) rather than 16.5 in 
(419 mm) wide also did much to reduce ground 
pressure and so improve cross-country mobil- 
ity in poor going. The HVSS suspension used 
bogies with four wheels arranged in lateral 


Known to its British 
developers as the 
Sherman VC Firefly, this 
was an American МАА4 
fitted with the British 17- 
pdr high-velocity gun for 
much improved anti-tank 
capability by comparison 
to the Má/Sherman's 
standard 75- and 76-mm 
(2.95- and 3-in guns. 
(PRO) 
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An important British 
development for 
amphibious assault was 
the Duplex Drive 
arrangement to provide 
amphibious capability. 
This is a Sherman DD 
with its collapsible 
flotation screen locked in 
position by metal struts. 
The screen was 
permanently attached to a 
deck welded to the 
Sherman's hull, and was 
erected by the inflation 
(from two compressed-air 
bottles on the rear 
decking) of 36 rubber air 
pillars. 


Far right The other 
component of the Duplex 
Drive was the double 
propeller arrangement, 
driven from the bevel 
drive of the vehicle for a 
| water speed of 4.6 mph 
(7.4 km/h). (IWM) 


A Sherman DD with its 
flotation screen lowered. 
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pairs, and the track-return rollers were at- 
tached directly to the hull sides. Field modifica- 
tions were usually concerned with protection, 
and generally consisted of appliqué armour 
and additional track shoes welded to poten- 
tially vulnerable spots. 

The Sherman was also used for a number of 
specialist roles, being developed in different 
forms by the Americans and the British to meet 
their particular requirements for armoured 
recovery vehicles, rocket-launchers, flame- 
throwers, mine exploders, self-propelled wea- 
pons and other role-dedicated vehicles too 
numerous to list. The Sherman proved as 
successful in these alternative roles as in its 
primary gun tank role, and the importance of 
the tank in the Allied victory of the Second 
World War cannot be overemphasized. The 
Sherman may not have been a qualititive 
match for the best German tanks (it lacked the 
all-round fighting capabilities of the Panther, 
and was not as heavily armed and protected as 
the Tiger), but it was adequate to its tasks and 
was produced in the vast numbers that allowed 
Allied tank formations to overwhelm the Ger- 
mans and, to a lesser extent, the Japanese 
The Sherman remained in widespread service 
into the 1970s, and is still used by a number of 
armies. 

The Americans were well satisfied with the 
M4 in the early stages of the war, but were wise 
enough to appreciate that a successor would 
be necessary. Early in 1942, therefore, work 
began on a potential successor. The Ameri- 
cans were looking for a more potent medium 
tank with optimized exploitation capability, and 
reworked the M4 concept to include rear drive 
sprockets and in the longer term a 90-mm 
(3.54-in) main gun. The larger-calibre gun was 
left for potential production models, and the 
development series concentrated on improved 
versions of the current armament fits, together 
with new transmission systems. The M4 
successor programme spawned three deve- 
lopment models as the T20, T22 and T23. 

The Medium Tank T20 was projected with 
different armaments (a 75-mm/2.95-in automa- 
tic gun, a 76.2-mm/3-in gun and a 3-in/76.2-mm 
gun) and different running gear (HVSS or 
torsion bar suspension), but in all variants was 
powered by the 470-hp (350-kW) Ford GAN 


petrol engine driving the tracks via a Torque- 
matic automatic transmission. The T20 even- 
tually appeared in June 1943 with the 76.2-mm 
(3-in) M1 gun, an early form of horizontal volute 
spring suspension for the three two-wheel 
bogies on each side, and armour varying in 
thickness between 38 and 64 mm (1.5 and 2.5 
in) for a weight of 67,500 Ib (30,616 kg). Trials 
confirmed that the transmission was still 
underdeveloped for tank use, and the type was 


Below An important 
special-purpose vehicle 
was the mineclearing 
tank. This is a British- 
developed Sherman Crab 
in France during 1944. 
Based on the Sherman V, 
and retaining the full 
armament capability of 
that tank, the Crab used a 
whirling arrangement of 
flails to detonate pressure 
mines in front of the tank 
(IWM) 
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abandoned. The same fate befell the T20E3, 
which used the same power train but had 
torsion bar suspension for its arrangement of 
Six independently-sprung road wheels on each 
Side. The T20 achieved a maximum speed of 
25 mph (40.2 km/h), but the T20ES managed 35 
mph (56.3 km/h) on the same engine. 

The Medium Tank T22 was a Chrysler- 
developed alternative to the T20, and two 
prototypes were delivered in June 1943. The 
vehicles resembled the T20 in all respects but 
the transmission, which was a five-speed 
mechanical system. This proved better than 
the T20's automatic type, but still unsatisfac- 
tory. One of these 69,000-b (31,298-kg) 
machines was subsequently modified as the 
T22E1 with a 75-mm (2.95-in) gun and automa- 
tic loader, but the real need of the Armored 
Force was for a reliable tank with a larger- 
calibre gun, and the programme was termi- 
nated. 

First of the trio to appear was the Medium 
Tank T23, the initial prototype of which was 
delivered in January 1943. This 73,500-Ib 
(33,340-kg) machine had the same armour and 
powerplant as the T20 and T22, but the engine 
drove an electric drive system developed by 
General Electric for a speed of 35 mph (56.3 
km/h), and the running gear was of the VVSS 
lype. The prototype was armed with the 
76.2-mm (3-in) M1 gun, and T23E1 and T23E2 
variants were projected with an automatically- 
loaded 75-mm (2.95-in) and 3-in (76.2-mm) gun 
respectively. Trials of the basic T23 proved 
highly successful, and an initial production 
order for 250 tanks was placed. These were 
built between November 1943 and December 
1944, but never entered operational service. 
The type was very important in the develop- 
ment of current as well as future medium 
tanks, however: the turret and its 76.2-mm 
(3-in) gun, were incorporated on later M4s, as 
was the 47? front. The production models were 
also used in an extensive test programme that 
paved the way for the T25 and T26 medium 
tanks, which also profited from experience with 
the only T23 development to reach the hard- 
ware stage. This was the T23E3, which res- 
ulted from official dissatisfaction with the 
heavy ground pressure and poor weight distri- 
bution of the T23, as well as worries about the 


reliability of the petrol-electric drive system. 
The 75,000-Ib (34,020-kg) T23E3 in fact re- 
tained the standard T23-series power train, the 
armament and protection were essentially 
those of the production T23 (though the turret 
basket was removed to allow an increase in 
main armament ammunition stowage from 64 
to 84 rounds), but the running gear was derived 
from the torsion bar type of the T25E1. The 
T23E3 was completed in August 1944, and 
though standardization had been proposed as 
the M27 as long ago as July 1943 (at the same 
time that standardization of the T20E3 was 
proposed as the M27B1), no further production 
was ordered. 

One of the main reasons for the abandon- 
ment of the T20, T22 and T23 series was its 
limitation to current gun calibree at a tima 
when the US Army was moving towards a 
classification system (formalized after the 
Second World War) that designated tanks with 
guns up to 76.2-mm (3-in) calibre as light tanks, 
those with 90-mm (3.54-in) guns medium tanks, 
and those with 120-mm (4.72-in) guns heavy 
tanks. As noted above, the desired M4 
successor was to be armed with a 90-mm 
(3.54-in) gun, and this finally became available 
as the M3, a weapon weighing 2,300 Ib (1,043 
kg) and measuring 202 in (5.13 m) in overall 
length. This possessed an L/50 barrel, giving 
the 24-6 (10.89-kg) APCBC shot a muzzle 
velocity of 3,350 ft (1,021 m) per second. 
Development of this weapon had started in 
September 1942, at the same time that the T20 
series was being planned, and the first weapon 
appeared in March 1943, being mounted in a 
converted T23E3 for trials. In April 1943 
authorization was granted for the development 
of two tank types with the 90-mm (3.54-in) gun 
as the Medium Tank T25 and the Medium Tank 
T26. 

The T25 was based on the T23E3 with 
armour varying in thickness between 38 and 89 
mm (1.5 and 3.5 in), horizontal volute spring 
suspension for 23-in (584-mm) tracks, and a 
470-hp (350-kW) Ford GAF engine with petrol- 
electric drive for a maximum speed of 30 mph 
(48.3 km/h) at a weight of 82,000 Ib (37,195 kg). 
The two prototype models were delivered in 
January and April 1944, and though generally 
satisfactory, were considered too heavy. The 
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T25E1 was therefore developed with armour 
limited to a maximum thickness of 76 mm (3 іп), 
Torquematic transmission, torsion bar suspen- 
Sion and a weight of 77,590 Ib (35,195 kg). This 
last was within the 80,000-Ib (36,288-kg) limit 
set for the vehicle, but left little room for the 
inevitable growth in weight that would charac- 
terize combat-configured vehicles. A total of 40 
T25E1s was produced between January and 
April 1944, but as greater potential was being 
shown by the T26, further development of the 
T25 ceased in the middle of the year. 

The T26 was close kin to the T25, but was 
planned from the beginning with 25-mm (1-in) 
thicker armour, and thus with greater weight. 
This called for the use of torsion bar suspen- 
sion for 24-in (610-mm) rather than 19-in 
(483-mm) tracks. The estimated weight was 
90,000 Ib (40,824 kg), and this in turn dictated a 
change from petrolelectric to Torquematic 
drive, and in this guise the vehicle was 
redesignated T26E1, of which 10 examples 
were built. The armour of this model varied in 
thickness from a minimum of 51 mm (2 in) to a 
maximum of 102 mm (4 in) over the more 
vulnerable areas, and this generated a weight 
of 86,500 Ib (39,236 kg) for a maximum speed 
of 25 mph (40.2 km/h). Trials showed the T26E1 
to be generally satisfactory, but a number of 
modifications were demanded: refined in this 
fashion with a muzzle brake, strengthened 
suspension, redesigned differential and coo- 
ling system etc, in June 1944 the tank was 
redesignated the Heavy Tank T26E1, whose 
history is resumed below. 

In its original form, the T26 was the last 
American medium tank developed in the 
Second World War, leaving the M4 to bear 
the brunt of operations in Europe, Asia and the 
Pacific. The last category of American tank to 
be discussed is therefore the heavy tank. The 
US Army had seen the possible need for such a 
tank in the 1920s and 1930s, but lacked the 
finance and total commitment to produce even 
development models in the austere days of the 
early and mid-1930s. The decline of the world 
political situation in 1939 prompted a reconsid- 
eration of this position in 1939, however, and 
in May 1940 agreement was reached on 
development of the Americans' first vehicle in 
this class, the Heavy Tank T1. This was seen as 


a substantial machine weighing some 100,000 
Ib (45,360 kg) with a maximum 76-mm (3-in) 
thickness of armour, a speed of 25 mph (40.2 
km/h) on the 925 hp (690 kW) provided by a 
Wright Whirlwind G-200 radial engine, and a 
turreted armament of one 76.2-mm (3-in) main 
gun and one 37-mm coaxial gun. 

Design of the basic vehicle was largely 
completed in 1940, and in February 1941 
authorization was granted for prototypes of 
four variants: the T1E1 with a cast hull and 
petrol-electric drive, the T1E2 with a cast hull 
and torque-converter drive, the Т1ЕЗ with a 
welded hull and torque-converter drive, and the 
T1E4 with a welded hull and Torquematic 
transmission for a four-diesel powerplant. The 
T1E4 was later cancelled, and the first of the 
prototypes to be delivered was that of the Т1Е2 
in December 1941, just as the USA became 
embroiled in the Second World War. Trials 
were generally successful, but revealed the 
need for a complete revision of the brake and 
cooling systems to produce the version stan- 
dardized in May 1942 as the Heavy tank M6. 

While trials of the T1E2 were under way, the 
T1ES was completed and evaluated, leading to 
the variant's standardization in May 1942 as 
the Heavy Tank M6A1, which was externally 
identical to the M6, apart from its welded rather 
than cast hull. The last of the variants to appear 
in prototype form was the T1E1, which was not 
delivered until June 1943 and was not ordered 
into production, although the single develop- 
ment machine was often designated Heavy 
Tank M6A2, as though it had been standar- 
dized. The original plan had envisaged 5,500 
tanks of the M6 series, but after representa- 
tions by the Armored Force to the Ordnance 
Department this was curtailed in September 
1942 to 115 machines and finally in March 
1943 to the 40 machines (eight M6s, 12 MGA1s 
and 20 M6A2s) that had been built. The M6 
used horizontal volute spring suspension with 
four two-wheel bogies and three track-return 
rollers on each side, weighed 126,500 Ib 
(57,380 kg) with armour varying in thickness 
between 25 and 102 mm (1 and 4 in), and on the 
800 hp (596 kW) of its Wright Whirlwind G-200 
could attain 22 mph (35.4 km/h). The crew of six 
men (commander, driver, assistant driver, 
gunner, loader and ammunition handler) was 
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M26 Pershing 


small, given the diversified armament of the 
vehicle: the main armament was one 76.2-mm 
(3-in) T12 gun with 75 rounds plus one 37-mm 
M6 coaxial gun with 340 rounds. The machine- 
gun armament varied, the nearest to a stan- 
dard fit being a forward-firing battery or two 
0.5-in (12.7-mm) and two 0.3-in (7.62-mm) 
machine-guns, a single 0.3-in (7.62-mm) 
machine-gun in the turret cupola, and a single 
0.5-in (12.7-mm) machine-gun in an anti- 
aircraft mounting in the rear of the turret. 

At the time of its development the M6 was 
the world's most powerful tank, but given the 
production and logistical factors associated 
with the programme as originally envisaged, 
the Armored Force was right to question the 
real utility of the type. The M6 was declared 
obsolete late in 1944, though not before a T1E1 
had been fitted with a turret based on that of 
the T26 complete with 90-mm (3.54-in) T7 gun, 
and an M6A2 with a heavily protected turret 
armed with the 105-mm (4.13-in) T15E1 gun as 
a heavy assault tank for European operations; 
the two types were cancelled in March and 
September 1944 respectively. 

The next heavy tank to enter US service was 
therefore the T26, which had been designed as 
a medium tank (see above) but had grown in 
weight to the point at which it had to be 
reclassified as a heavy tank during June 1944. 
This vehicle was the culmination of a develop- 
ment programme that had encompassed the 
T20, T22, T23, T25, and T26 medium tanks in all 
their variations, and to avoid confusion the first 
heavy tank model was classified Heavy Tank 


T26E3 and standardized for limited procure- 
ment in November 1944 The T26 wae cub. 
jected to intensive combat evaluation, and in 
January 1945 was declared battle-worthy, 
leading to the type's standardization in March 
1945 as the Heavy Tank M26 General Persh- 
ing. The M26 was considered as the primary 
US tank in the armoured battle with the 
Germans’ Tiger tanks, though experience in 
Europe confirmed that while the M26 was 
equal to the Tiger in protection and superior in 
mobility, it was decidedly inferior in firepower, 
where the German 88-mm (3.46-in) KwK 36 and 
43 weapons reigned supreme. 


Heavy Tank M26 Pershing 
(USA) 


Type: heavy tank 

Crew: 5 

Combat weight: 92,355 Ib (41,891 kg) 
Dimensions: length, gun forward 28.42 ft 
(8.66 m) and hull 21.33 ft (6.50 m); width 11.50 ft 
(3.51 т); height 9.08 ft (2.78 m) 

Armament system: one 90-mm (3.54-in) gun with 
70 rounds, one 0.5-in (12.7-mm) Browning 
machine-gun with 600 rounds, and two 0.3-in 
(7.62-mm) Browning machine-guns with 5,000 
rounds 

Armour: between 13 and 102 mm (0.51 and 4 in) 
Powerplant: one 373-kW (500-hp) Ford GAF 
petrol engine with 191 US gal. (723 litres) of fuel 
Performance: speed, road 30 mph (48.3 km/h); 
range, road 100 miles (161 km); fording 4.0 ft 
(1.81 m); gradient 60%; vertical obstacle 3.83 ft 
(1.17 m); trench 8.0 ft (2.44 m); ground clearance 
17.7 in (0.45 m) 
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There were a number of variants of the M26 
in its basic gun tank role, and just as there was 
a 'Lightweight Combat Team' derived from the 
M24 Chaffee, there was a ‘Heavyweight Com- 
bat Team’ derived from the M26 Pershing. In 


the basic line of development as a gun tank, the 
M26 spawned five derivatives. The M26A1 was 
very similar to the M26 but had a revised M3A1 
main gun with bore evacuator and single-baffle 
muzzle brake; some of the type were fitted with 


The ultimate US heavy 
tank of the Second World 
War was the M26 
Pershing, which was 
reclassified as a medium 
tank almost immediately 
after the end of the war 
(RAC Tank Museum) 


The M26 Pershing 
remained in US service 
after the Second World 
War as a medium tank, 
but was increasingly 
unpopular for its short 
range. (US Army) 


a 


| 
| 


ENCYCLOPAEDIA OF THE TANK 


218 


a system to stabilize the main gun in elevation. 
The M26E1 was the basic vehicle fitted with the 
90-mm (3.54-in) T54 gun: this had a concentric 
recoil system and used fixed rather than 
separate-loading ammunition, requiring that 
the ammunition’ stowage inside the tank be 
revised. The T26E2 was a close-support ver- 
Sion with a 105-mm (4.13-іп) howitzer as 
stabilized main armament; in July 1945 the 
T26E2 was standardized for limited production 
as the M45. The T26E4 was again very similar 
to the M26 but had a 90-mm (3.54-in) T15E2 
gun in place of the M26's M3 of the same 
calibre: this weapon weighed 3,270 Ib (1,483 
kg) and had an overall length of 272.9 in (6.93 
т), its 1/70 barrel allowing the standard 24-6 
(10.89-kg) armour-piercing shot to be fired with 
a muzzle velocity of 3,200 ft (975 m) per 
second. And the T26E5 was the heavy tank 
counterpart to the M4A3E2 ‘Jumbo’, a dedi- 
cated assault version with the frontal armour 
thickened to a maximum of 279 mm (11 in) on 
the mantlet, 190.5 mm (7.5 in) on the turret and 
152 mm (6 in) on the hull, increasing weight to 
102,000 Ib (46,267 kg); production amounted to 
only 27 vehicles. 

Production of the M26 reached 2,432, but 
the type saw only limited service in the Second 
World War. In May 1946 it was reclassified as a 
medium tank once again, and served with 
considerable distinction in the Korean War 
(1950-53). The Pershing was a decisive turning- 
point in the design of American medium tanks: 
it marked the culmination of the evolutionary 
design process from the M2 series, yet its 
divergence from the main sequence in terms of 
its large road wheels, torsion bar suspension, 
hull-mounted track-return rollers and rear drive 
sprockets marked the beginning of the post- 
Second World War series of medium and battle 
tanks from the M47 to the M60. 

Further development of the M26 led to the 
Heavy Tank T32, which was designed to 
provide firepower, performance and reliability 
comparable with that of the M26, with superior 
protection. The basic M26 chassis was leng- 
thened to 23 ft 2.5 in (7.07 m) by the insertion of 
an additional road wheel on each side, and on 
this was located armour thickened to 127 mm 
(5 in) on the 54* front and 76 mm (3 in) on the 
Sides; the turret was also uparmoured to 203 


mm (8 in) on the front and 152 mm (6 in) on the 
Sides, and fitted with a 90-mm (3.54-in) T15E1 
gun. A 770-hp (574-kW) Ford GAC engine was 
fitted, and this drove a cross-drive combined 
transmission/steering system to give the 
120,000-b (54,432-kg) vehicle a maximum 
speed of 22 mph (35.4 km/h). Four vehicles 
were ordered in February 1945, two of them 
with welded rather than cast hull fronts, under 
the designation T32E1. With the end of the 
Second World War, only limited trials were 
undertaken. 

Further development of the heavy tank 
concept during the Second World War pro- 
duced five more types, the Assault Tank T14, 
the Super-Heavy Tank T28, the Heavy Tank 
T29, the Heavy Tank T30 and the Heavy Tank 
T34. The origine of tho T14 can bo traced back 
as far as December 1941, when the British and 
US tank commissions agreed on the develop- 
ment to a British specification and the cons- 
truction to the extent of 8,500 examples of a 
heavy assault tank based as far as possible on 
the M4 but with hull and turret armour to 
maximums of 76 and 102 mm (3 and 4 in) 
respectively, a 6-pdr (57-mm) or 75-mm (2,95- 
in) gun, a weight of 92,000 Ib (41,731 kg), and a 
speed of 18 mph (29 km/h) on a 470-hp 
(350-kW) Ford GAZ petrol engine. Two 93,930- 
Ib (42,607-kg) prototypes were built, but in 1944 
the British lost interest and the concept was 
cancelled. 

The same basic concept led to the T28, 
which was really an assault gun of mammoth 
proportions and armour to a maximum of 305 
mm (12 in) for a weight of 190,000 Ib (86,184 
kg). Power was provided by a 410-hp (306-kW) 
Ford GAF petrol engine for a speed of only 8 
mph (12.9 km/h), and the running gear on each 
Side comprised four twin-wheel bogies with 
horizontal volute spring suspension. A highly 
unusual feature was the provision of a com- 
plete set of additional trackwork: for movement 
over soft ground these were attached outside 
the standard units to double the track area on 
the ground, and when not needed they could be 
detached and coupled together to be towed 
behind the parent vehicle as a dumb unit. The 
main armament was a 105-mm (4.13-in) T5E1 
high-velocity gun in hull-front mounting for 
traverse 10? left and right of the centreline: this 
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ordnance weighed 6,300 Ib (2,858 kg) and had 
an overall length of 295 in (7.49 m), its L/65 
barrel giving the 39-6 (17.69-kg) armour- 
piercing shot a muzzle velocity of 3,000 ft (914 
m) per second. In March 1945 the type was 
rightly redesignated as the 105-mm Gun Motor 
Carriage T95, and after the end of the war with 
Germany the order for five prototypes was 
reduced to two. These were trialled in 1946, but 
as the T29 heavy tank offered the same 
firepower in a 360° traverse turret, the pro- 
gramme was cancelled in October 1947. 

The T29 began life in September 1944 as a 
specialist vehicle for attacks on fortified posi- 
tions and Germany's heaviest tanks. The hull 
was basically that of the M26 lengthened to 25 
ft O in (7.62m) by the addition of two more road 
wheels on each side. The new turret was a 
singularly massive unit with a 105-mm (4.13-in) 
T5E2 gun and two 0.5-in (12.7-mm) coaxial 
machine-guns, a crew of four (commander, 
gunner and two loaders) and its own 5-hp 
(3.73-kW) traversing motor. A 770-hp (574-kW) 
Ford GAC petrol engine with cross-drive tran- 
зтіѕѕіоп gave this 139,000-lb (63,050-kg) 
vehicle a maximum speed of 22 mph (35.4 
km/h), but development ceased with the end of 
the war in Europe. 

The T30 was produced in parallel with the 
T29 to meet the same requirement, and 
differed from the T29 principally in its engine 
and armament: the engine was an 810-hp 
(604-kW) Continental AV-1790-3 petrol engine, 
giving this 145,000-Ib (108,112-kg) giant a 
speed of 22 mph (35.4 km/h), and the main 
armament was a 155-mm (6.1-in) T7 gun, fitted 
with a power rammer for the massive separate- 
loading ammunition. The T34 used the same 


chassis as the T30, but fitted with a revised 
turret that featured an additional 102 mm (4 in) 
of frontal armour and a 120-mm (4.72-in) T53 
high-velocity gun developed from an anti- 
aircraft weapon. 

American tanks made an enormous contri- 
bution to the Allied victory in the Second World 
war. The Americans themselves fielded large 
numbers of armoured divisions and indepen- 
dent tank battalions, but perhaps just as 
importantly, provided their allies with enor- 
mous numbers of tanks, allowing these 
manpower-rich but matériel-poor countries to 
make most effective use of their strengths. The 
importance of the American tanks was initially 
their availability, reliability and comparatively 
heavy armament. But as the war progressed, 
the capabilities of American tank designers 
and the vast industrial machine that supported 
them gave an increasingly free rein to develop 


Super-Heavy Tank T28 
(USA) 


Type: heavy tank prototype 

Crew: 4 

Combat weight: 188,000 Ib (85,227 kg) 
Dimensions: length overall 34.67 ft (10.57 m); 
width 14.92 ft (4.55 m); height 9.46 ft (2.88 m) 
Armament system: one 105-mm (4.13-in) gun 
with 62 rounds and one 0.5-in (12.7-mm) Brown- 
ing machine-gun with 660 rounds 

Armour: between 25 and 305 mm (1 and 12 in) 
Powerplant: one 500-hp (373-kW) Ford GAF 
petrol engine with 480 US gal. (1,817 litres) of fuel 
Performance: speed, road 7 mph (11.3 km/h); 
fording 3.92 ft (1.2 m); gradient 48.2%; vertical 
obstacle 2.0 ft (0.61 m); trench tested to only 


6.0 ft (1.83 m); ground clearance 19.5 in (0.5 m) 


T 28. Heavy Tank 
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better designs that were then put into produc- 
tion without hampering the flow of existing 
designs. 

The nation that stands out as the most 
important exponent of armoured warfare in the 
Second World War, however, must be the 
USSR. As noted in Chapter Two, the Soviets 
had devoted their energies in the 1920s and 
early 1930s to absorbing as much imported 
technology as possible, while at the same time 
pursuing a policy of limited indigenous develop- 
ment. By the mid-1930s the Soviets had built up 
a considerable armoured force, backed by a 
substantial industrial machine capable of sup- 
Porting and expanding the in-service tank fleet. 
In the later 1930s the Soviets consciously 
turned away from their policy of mass produc- 
tion virtually regardless of quality, and there 
after turned their attention towards the devel- 
opment of tanks that were the qualitative equal 
of, or indeed the qualitative superior to, the 
best of Western tanks. This should not be 
construed, however, as meaning that quantity 
was sacrificed: Soviet tactical thinking still 
emphasized the overwhelming importance of 
numerical superiority, but this was now seen as 
being complemented by qualitative improve- 
ment. The philosophy of Soviet tank designers 
therefore became one of producing an easily 
produced baseline tank that was in itself a good 
combat vehicle yet possessed the capacity for 
technical growth that would turn it into an 
increasingly more potent type as major quali- 
tative improvements were added at a limited 
number of points in the type's production life. 
This meant that low cost and increasing quality 
could be ensured in large blocks of standar- 
dized tanks. 

Hand in hand with this design and produc- 
tion philosophy went a development in tactical 
thinking. In common with the Western nations 
that were developing their tank forces in the 
1920s and early 1930s, the Soviets suffered a 
dichotomy of tactical thinking: one school saw 
tanks as infantry-support weapons, and the 
other as the constituents of an independent 
force that could strike deep into the enemy's 
rear. By comparison with the Western nations, 
however, the Soviets had the physical space 
and the number of tanks to allow the develop- 
ment of both concepts. In the early 1930s, 


therefore, Soviet rifle divisions included in their 
establishment a single battalion of light tanks, 
while frontier-based rifle battalions had at- 
tached battalions of tankettes. To give these 
primary infantry formations additional support, 
the higher command echelons controlled a 
number of tank brigades, each comprising 
three battalions of light or medium tanks: these 
brigades could be allocated to specific sectors 
of the front as the tactical situation demanded. 
Extensive manoeuvres allowed the thorough 
integration of the infantry-support armour with 
its rifle divisions, whose men were trained to 
move forward into combat on their tanks. 

For the exploitation (cavalry) role, the So- 
viets organized two types of armoured forma- 
tion. The tank brigade had three battalions of 
BT fast tanks (about 100 in all), a motor rifle unit 
and the appropriate support units: these were 
designed to exploit the chaotic situation atten- 
dant on any breakthrough, paving the way for 
the tank corps, which combined two or three 
brigades, a motor rifle brigade, an artillery unit 
and the appropriate support and service unit. 

The Soviets carefully analysed the implica- 
tions of armoured warfare (such as it was) in 
the Spanish Civil War (1936-39), and came to 
the tentative conclusion that the proponents of 
major armoured formations for deep penetra- 
tion were partially wrong: some moves towards 
a closer integration of armour and infantry 
were inaugurated, but these were incomplete 
when the campaigns against the Japanese 
(1938 and 1939), the Poles (1939) and the Finns 
(1939-40) were fought. These campaigns pro- 
duced some armoured warfare and a larger 
volume of armoured manoeuvre, serving to 
force another change of heart on the Soviet 
civilian and military authorities: there was 
clearly a tactical space for infantry-support 
tanks, but there was just as clearly the 
operational space for larger tank formations in 
the deep penetration role. 

In the summer of 1940, therefore, the 
Soviets set about a thoroughgoing reform of 
their armoured strength, and in the process 
took much to heart of the German successes in 
Poland and the West. At the operational level 
the Soviets envisaged their basic formation as 
the tank corps (of which there were to be at 
least 20!) each comprising one motor rifle and 
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Snorkel-fitted M48s of the 
US Marine Corps move 
ashore during an assault 
landing exercise, (MARS) 


Far left M48A2G MBT 
of 2nd Bn Heimat- 
schutzbrigade of the 

| West German Army, on 
exercise near Pfullendorf 
(MARS) 


Below left M60A1 main 
battle tanks come ashore 
in Vietnam. (US Army) 


we 


Left M60A1 of 3rd 
Brigade (Bulldog), 1st US 
Armored Divn. preparing 
to cross the Danube on 

exercises, (MARS) 


Below The ultimate 
Centurion tank of the 
original British series was 
the Mk 13 with infra-red 
driving lights and a 0.5-in 
(12.7-mm) ranging 
machine-gun for its 
105-mm (4.13-in) main 
gun. (MARS) 


This page Two views of 
the AMX-30 with its 
elegant turret and 

105-mm (4.13-in) GIAT 
rifled gun. (SOFRESA) 


Opposite page The 
Creusot-Loire AMX-13 
light tank with 105-mm 
(4.13-in) gun. (Creusot- 
Loire) 


Above Chieftain main 
battle tank of the Royal 


Tank Regiment, on 
exercise in 1978. (MOD) 


Above left Combining 
features of the Centurion 
and Chieftain, the Vickers 
Main Battle Tank has a 
105-mm (4.13-in) main 
gun and an advanced fire- 
control system. (MARS) 


Far left A Chieftain tank 
travelling at speed, 
Sennelager, West 
Germany. (MOD) 


Left Chieftain main 
battle tank of the 4th/7th 
Dragoon Guards on 
winter exercises in 
Germany, 1979. (MOD) 


Above Challenger MBT 
of A Sqn., Royal Hussars 
in Germany during 
Exercise ‘Lionheart 
(MARS) 


Right А Scimitar on 


Above right А Scimitar 
of the 13th/18th Royal 
Hussars during an 
exercise in Germany. 
(СО!) 


Far right А Scorpion of 
1 San RAF Regiment. (B. 
Elison) 


Right A Scorpion on 
exercises with the Saudi 
Arabian army. (Alvis) 


West Germany army. This 
Leopard has a turret of 
Stronger steel, an 
improved NBC system 
and passive night-vision 
equipment for the 
commander and driver 
(NATO) 


Below right A Leopard 
2 main battle tank of t 
West German army 
(Krauss-Matfei AG) 


Below A Leopard 2 of 
the West German army in 
night-firing exercises. The 
enormous muzzle flash 
immediately reveals the 
location of the firing tank 
which must move 
immediately if it is to 
avoid retribution 
(Bundeswehr) 


Right An М-1 Abrams 
of 3rd Infantry Division 
crossing a bridge during 
Exercise ‘Certain Fury" 
(MARS) 


Far right А Swedish 
Strv 103B battle tank 

uses its permanently 
attached dozer blade to 
dig itself into a fire 
position, further reducing 
its already very low 
silhouette, (Swedish Army) 


Right An M-1 Abrams 
of 3/61st Tiger Brigade 
during Exercise Lionheart 
(MARS) 


Far right The OF40 
battle tank capitalizes on 
OTO Melara experience in 
building the Leopard 1 for 
the Italian army, and has 
secured modest export 
success. (OTO Melara) 


Right EE-T! OSORIO 
main battle tank seen 
during desert trials. 
(Engesa, Brazil) 


Below The French 
AMX-40. (SOFRESA) 


Left The TAM tank was 
designed in West 
Germany for production in 
Argentina, and uses the 
basic chassis/hull 

mbination of the 
Marder mechanized 
infantry combat vehicle 
with a new turret carrying 
а 105-mm (4.13-in) gun to 
provide battle tank 
firepower at little more 
than light tank weight 
(Thyssen Henschel, 
Kassel) 


Below А Russian T- 
MBT, part of an Opposing 
Forces Concept 
Demonstration in t 

USA, 19 

Soviet design feature is 
the high rise of forward 
track run to the forward 
idler. (US Army) 


Above Russian T-72 
battle tanks travelling in 
convoy. (MARS) 


Right А T-80 main 
battle tank of the Red 
Army. (MARS) 
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two tank divisions, whose establishments are 
detailed in the appendixed diagrams. The 
German invasion caught the Soviets only part 
way through their reorganization, yet even so 
the beginning of Operation ‘Barbarossa’ on 21 
June 1941 matched 17 German Panzer divi- 
sions against no fewer than 30 Soviet tank 
divisions. But whereas the Panzer divisions 
were massed into four armour-heavy Pan- 
zergruppen tasked with deep encirclement 
manoeuvres in strategic regions, the Soviet 
tank divisions were allocated on a penny- 
packet basis to armies disposed along the 
whole length of the front: the only bodies of 
massed armour were to be found in the Sth, 
6th, 12th and 26th Armies of the South-West 
Front (army group) shielding the Ukraine, and 
these proved ineffective against the five 
Panzer divisions of the 1st Panzergruppe. 
German estimates suggest that by the end of 
1941 the Soviets had lost 60 tank divisions: 30 
destroyed completely and the other 30 so 
heavily handled that they were broken up to 
strengthen new formations. Up to the end of 
1941, the Germans also estimated, the Soviets 
had lost about 15,000 of the 20,000 or so tanks 
available to them. 

Yet the Germans failed in their strategic 
effort to break the USSR in a single campaign, 
and their exhaustion between December 1941 
and June 1942 gave the Soviets the time to 
replan and re-establish their armoured forces. 
In an enormous upheaval of industrial capacity 
the Soviets had managed to dismantle and 
remove most of their production facilities in the 
western USSR before it was overrun by the 
Germans, and in a logistical effort almost 
beggaring the imagination they shifted this 
plant to virgin sites east of the Urals, 
reassembled their factories and resumed pro- 
duction in time to support the revitalization of 
the Soviet armies in the first half of 1942. 

At the heart of this revitalization was a tank 
brigade whose revised establishment is de- 
tailed in the Appendix: the inclusion of one 
mortar company provided mobile but excep- 
tionally heavy fire support by the standard of 
the day. Up to mid-1943 there were insufficient 
tank battalions for the number of tank brigades 
fielded, and a motor rifle battalion was gen- 
erally used instead of the third mixed tank 


battalion. By 1944, all tank brigades were up to 
establishment strength, each tank battalion 
having two tank companies each of 10 T-34 
medium tanks, but the motor rifle battalion was 
retained. The Germans had identified at least 
250 such brigades by 1945. 

Tank brigades were allocated to tank corps, 
whose establishment is described in another 
diagram. The tank corps possessed about 300 
tanks, making it equivalent in this respect to a 
Western armoured division. Of particular note, 
however, is the tank corps' additional strength 
of support weapons by comparison with the 
Western division. The Soviets also fielded a 
large number of mechanized corps, in which 
the ratio of armour to infantry was reversed to 
three motor rifle brigades and one tank bri- 
gade, the other parts of the establishment 
remaining unaltered. 

The tank corps were the breakthrough and 
exploitation arm of the Red Army, though they 
remained closely tied to the infantry in the very 
highly organized Soviet plan of attack, which 
saw no place for genuinely independent opera- 
tions by deep-thrusting tank forces. For the 
purely infantry-support role, however, there 
were independent tank brigades and indepen- 
dent heavy tank regiments. The independent 
tank brigades had 107 T-34 medium tanks but 
no organic infantry, though the infantry of the 
division being supported often rode on the 
tanks. The independent heavy tank regiments 
generally had 32 IS or KV heavy tanks each, 
and were allocated to motor rifle units tasked 
with breaking through heavily-defended posi- 
tions. 

At the beginning of the Second World War in 
1939, the Soviets were just beginning a 
complete overhaul of their tanks with the 
development and introduction of a new genera- 
tion to replace the derivative designs of the 
1930s. Given the nature of the USSR, with its 
poor road and rail communications over vast 
tracts cut by large rivers and split by extensive. 
marshes, it was inevitable that the Soviets 
would place great emphasis for recon- 
naissance on the light tank, preferably an 
amphibious type. In the late 1930s the most 
important in-service types were the T-27, T-37A 
and 7-38, and to replace these the two-man 
T-40 light amphibious tank was developed, its 
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The Soviet T-37 light 
amphibious tank was 
modelled on the British 
Carden-Loyd A3E11. The 
Т-33 prototype has balsa 
wood side floats, but 
these were omitted from 
the T-37A and T-37M 
initial and final production 
models, each armed with 
just a single 7.62-mm 
(0.3-in) machine-gun. 
(RAC Tank Museum) 
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prototype apppearing in 1936: this resembled 
the BT-IS in overall configuration, and was a 
complete departure from earlier Soviet light 
tank design in its welded construction, inde- 
pendent torsion bar suspension for the ar- 
rangement of four road wheels on each side, 
and truncated conical turret accommodating 
the commander and the armament of one 
12.7-mm (0.5-in) and one 7.62-mm (0.3-in) 
coaxial machine-gun. Standard components 
were used wherever possible, as in the 85-hp 
(63.3-kW) GAZ-202 petrol engine, and the type 
was buoyant without aid, being propelled in the 
water by a single propeller. Weight was 5,590 
kg (12,234 Ib) with a maximum armour thick- 
ness of 13 mm (0.51 in). The original T-40 had a 
blunt nose, but the later T-40A had a more 
Streamlined nose and the non-amphibious 
T-40S of 1942 had slightly thicker armour and 
provision for a 20-mm main gun. The T-40 
Series served from 1941 to 1946. 

The T-40 was planned for only modest 
service, as the Soviets envisaged that the T-60 
light tank should supplement and then supplant 
all in-service light tanks from 1942. Design of 
this vehicle was already under way when the 
lessons of the Germans' 1941 invasion began 
to be digested. These suggested that the 
primary requirements of the light tank should 
not be mobility (including amphibious capabil- 
ity) to the exclusion of firepower and protec- 


tion, but rather a more judicious blend of all 
three components. The design of the two-man 
T-60 was therefore revised to produce a more 
capable machine of all-welded construction 
The armour varied in thickness from 7 to 20 
mm (0.28 to 0.79 in), and greater firepower was 
provided. In this latter category the Soviets had 
hoped to install a 37-mm gun, but the recoil 
forces of this weapon could not be absorbed by 
the small turret ring: in its place the designers 
therefore fitted the exceptional 20-mm ShVAK 
cannon, whose projectile incorporated a sub- 
calibre slug of heavy metal to produce a 
penetration capability all but identical with that 
of the 37-mm weapon, namely 38 mm (1.5 in) of 
armour at an angle of 30? at a range of 400m 
(435 yards). A 7.62-mm (0.3-in) machine-gun 
was installed coaxially. The T-60 entered 
production in November 1941, and nearly 
6,000 were built before the type was superse- 
deded in production by the T-70 light tank 
during 1943. The T-60 weighed 5,150 (11,354 
10), and with its 85-hp (63.3-KW) GAZ-202 petrol 
engine could attain 45 km/h (28 mph) on 
running gear similar to that of the T-40. The only 
tank variant was the T-60A of 1942 with 35-mm 
(1.38-in) frontal armour and solid rather than 
spoked road wheels, though after the introduc- 
tion of the T-70, surplus T-60s were converted 
as mountings for Katyusha rockets or as 
tractors for 57-mm anti-tank guns. 
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T-40A 
(USSR) 


Type: amphibious light tank 

Crew: 2 

Combat weight: 6,300 kg (13,889 Ib) 
Dimensions: length overall 4.27 т (14.00 ft); 
width 2.33 m (7.65 ft); height 1.98 m (6.48 ft) 
Armament system: one 12.7-mm (0.54п) DShK 
machine-gun or 20-mm ShVAK cannon with 550 
rounds and one 7.62-mm (0.3-in) DT machine-gun 
with 2,016 rounds 

Armour: between 6 and 14 mm (0.24 and 0.55 in) 
Powerplant: one 63.4-kW (85-hp) GAZ-202 petrol 
engine with 207 litres (45.5 Imp. gal.) of fuel 
Performance: speed, road 42 km/h (26.1 mph); 
range, road 340km (211 miles); fording am- 
phibious; gradient 34*; vertical obstacle 0.65 m 
(2.15 fl; trench 1.7 m (5.6 ft); ground clearance 
0.36 m (14.2 in) 


Amphibious Tank T-40 


Despite its improvement over the T-40 in 
firepower and protection, the T-60 was soon 
seen by the Red Army to be inadequate in 
these respects for the military requirements of 
the Eastern Front. The result was the T-70 light 
tank, which retained the basic chassis of the 
T-60, but with the drive sprockets shifted from 
the rear to the front and the armour revised in 
shape and angle to generate better protection. 
But on this hull was fitted a modified turret 
which still accommodated only the single and 
therefore tactically overtaxed commander/ 
gunner/loader: this one man had to command 
the tank and also work the armament of one 
45-mm L/46 high-velocity gun and a 7.62-mm 
(0.3-in) coaxial machine-gun, for which 70 and 
945 rounds respectively were provided. Firing 
а 1.43-kg (3.15-Ib) shot with a muzzle velocity of 
760 m (2,493 ft) per second, the main gun 
provided the same armour-penetration capabil- 
ity as the 37-mm and 20-mm ShVAK weapons 
but at a range of 1,000 m (1,095 yards) rather 
than 400 m (435 yards). With armour varying in 
thickness from 10 to 45 mm (0.39 to 1.77 in), 
the T-70 weighed 9,960 kg (21,958 Ib) but had 
better performance than its predecessor, 
thanks to the use of improved running gear (five 
independently torsion-sprung road wheels on 
each side) and as powerplant two 70-hp 
(52.2-kW) ZIS-202 petrol engines for a speed of 
50 km/h (81.1 mph). Production of the T-70 


Designed where possible 
around car components 


to ease problems of 
manufacture, the T-40 


amphibious light tank was 
designed to replace the 


T-27, T-37 and T-38 
series. This is a T-40A 


version with a streamlined 


nose and folding trim 
vane. (RAC Tank 
Museum) 
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The T-60A light tank was 
the 1942 production 
version of the T-60, with 
improvements such as 
thicker frontal armour and 
disc rather than spoked 
wheels. (RAC Tank 


Museum) 
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started late in 1941, and ended in the autumn of 
1943 after the delivery of 8,225 vehicles, 
including the improved T-70A with thicker 
armour. The T-80 was a T-70 development with 
additional hull armour in the form of welded 
plates, a revised turret to a maximum thickness 
of 60 mm (2.36 in) and possibly accommodat- 
ing a third crew member, as a commander's 
cupola was provided, two 63.4-kW (85-hp) 
engines and a weight of 11,785 kg (25,981 Ib). 
Only a few T-80s were produced: by late 1943 
Soviet production of medium tanks was runn- 
ing at such a high rate that these considerably 
more capable tanks could be used for recon- 
naissance, ending for the time Soviet develop- 
ment of light tanks. 

The medium tank that made this possible 
was the T-34, which was without doubt the 
most important tank of the Second World War 
and arguably the most influential tank ever 
developed. By Western standards the tank was 
mechanically unsophisticated, with its four- 
speed gearbox and clutch/brake steering, but 
the power train and running gear/suspension 
were utterly reliable, the armament was for- 
midable and the protection far superior to that 
of the German PzKpfw IV tank. Small-scale 
encounters with the T-34 units began to be 
recorded by the Germans as early as 22 June 
1941, but fully operational T-34 units were 
encountered with increasing frequency in the 


autumn of the same year. The advent of the 
T-34 was an enormous and thoroughly unplea- 
sant surprise to the Germans: up to this point in 
the Second World War, their Panzer divisions 
had enjoyed an unequalled blend of tactical 
superiority and technical advantage; from this 
moment the Germans' technical edge was 
gone, and their tactical expertise was slowly 
matched, even if never excelled, by the 
Soviets. 

The origins of the T-34 are evolutionary, lying 
firmly with the BT series of fast tanks using the 
Christie running gear/suspension. The main 
development centre for the BT series was 
Kharkov, and in 1936 the brilliant designer 
M.1.Koshkin was sent to the Komintern plant in 
this city to continue development of the BT 
series with the assistance of A.A. Morozov, 
N.A. Kucherenko and M. |. Tarshinov. The first 
result of Koshkin's labours was the A-20 
medium tank that appeared at the beginning of 
1938. This was modelled on the BT-IS and 
weighed 20,000 kg (44,092 Ib). The armament 
was the medium-calibre 45-mm L/46 gun, 
which weighed 125 kg (276 Ib), but this was 
fitted in a turret of inclined rolled armour for 
enhanced protection, and the hull (based on 
that of the BT-7M) was also fitted with well 
inclined armour as pioneered by the BT-IS to 
provide better ballistic protection against in- 
coming projectiles. The crew was four (driver, 
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T-70 
(USSR) 


Type: light tank 

Crew: 2 

Combat weight: 9,200 kg (20,282 Ib) 
Dimensions: length overall 4.65 m (15.26 ft); 
width 2.34 m (7.68 ft); height 2.29 m (7.50 ft) 
Armament system: one 45mm gun with 70 
rounds and one 7.62-mm (0.3-0in) DT machine- 
gun with 945 rounds 

Armour: between 10 and 60mm (0.39 and 
2.36 in) 

Powerplant: two 52.2-kW (70-hp) 215-202 petrol 
engines with 460 litres (101 Imp. gal.) of fuel 
Performance: speed, road 51.5 km/h (32 mph); 
range, road 450 km (280 miles); fording 0.9 m 
(2.95 ft); gradient 34°; vertical obstacle 0.66 m 
(2.18 ft); trench 1.8 m (5.9 ft); ground clearance 
0.3 m (11.75 in) 


bow machine-gunner, commander/gunner and 
loader), and the running gear was the standard 
Soviet wheel/track derivative of the Christie 
type, with four large-diameter road wheels 
(with torsion bar suspension) on each side. 
The engine was a 450-hp (336-kW) V-2 
diesel, which provided a maximum speed of 65 


km/h (40.4 mph). This diesel was produced in 
prototype form during 1936, and marks a 
significant milestone in the development of 
tanks. Even in its early form the V-2 was 
powerful yet reliable, and offered the virtually 
priceless advantages of greater range on a 
given volume of fuel, the ability to run on easily 
produced (and thus cheaper and more readily 
available) diesel fuel, and lower volatility. This 
last was of particular interest to tank crews, 
who became all too aware during the Second 
World War of the alarming tendency of the fuel to 
ignite when a petrol-engined tank was hit, caus- 
ing a perhaps survivable hit to turn virtually 
instantly into an inferno from which few men were 


The T-70 was closely 
related to the T-60 but 
had better protection and 
greater firepower, and the 
two truck engines were 
fitted in place of the 
T-60's single engine for 
greater performance and 
agility. By comparison 
with the T-60, the drive 
sprockets were at the 
front and the idlers at the 
rear. (RAC Tank Museum) 
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likely to emerge, and then only with severe bums. 
The A-20 was evaluated against the T-III 
(otherwise T-46-5) prototype, which used a 
Christie-type suspension comprising six 
smaller-diameter road wheels on each side, 
together with three track-return rollers. The 
T-III was powered by a 300-hp (224-kW) diesel 
for a speed of 45 km/h (28mph) at a weight of 
28,500 kg (62,832 Ib) and though armour 
thicknesses and armament were similar to 
those of the A-20 the latter was judged superior 
in all operational aspects, largely as a result of 
its superior running gear and the considerably 
better protection offered by its well-sloped 
armour. The only major criticism levelled at the 
A-20 was its modest armament, and this was 
improved in the A-30 that appeared at the 
beginning of 1939 by the adoption of a 76.2-mm 
(3-in) L/26.5 weapon. The A-30 was heavier 
than the A-20, and was hampered by a number 
of problems associated with the armament. 
Koshkin had meanwhile moved forward to a 
revised concept, based on an analysis of the 
small amount of time spent on their wheels 
rather than tracks by Christie-suspended So- 
viet tanks. Koshkin was confirmed in his belief 
that the need for combined wheel and track 
capability was small (and added weight as well 
as mechanical complexity, and therefore 
moved forward to the development of the T-32 
based on the A-20 and A-30 but without any 
provision for the tank to be stripped of its tracks 
so that it could run on its rubber-tyred road 
wheels. This allowed the use of wider tracks for 
reduced ground pressure and improved trac- 
tion, and also permitted broadening of the hull 
for yet further sloped protection. The armour 
varied in thickness up to a maximum of 30 mm 
(1.18 in) on the hull and 45 mm (1.77 in) on the 
turret, and other details were basically those of 
the A-20 and A-30, with the notable exception 
that the running gear now comprised five road 
wheels on each side. At a weight of 19,300 kg 
(42,549 Ib) and with a standard crew of four the 
T-32 could reach ‘only’ 60 km/h (37.3 mph), but 
in competitive trials with the A-20 was pre- 
ferred for its greater firepower and protection. 
Thus was the scene set for the T-34 (often 
called the T-34/76 in Western terminology for 
the calibre of its main gun), which appeared in 
prototype form at the end of 1939 for exhaust- 


ive evaluation and proving trials in the first half 
of 1940. Just after the beginning of these 
Prototype trials, Koshkin succumbed to pneu- 
monia and died, his place as chief designer 
being taken by Morozov and later by V.V. Krylov 
for the much improved 734/85 variant that 
appeared in 1943. The T-34/76 was a further 
development of the T-32 with a number ot detail 
modifications and slightly thicker armour on 
the least protected areas for a weight of 26,725 
kg (58,918 Ib). The hull and turret were of 
welded construction, the latter fitted with an 
L/30.5 version of the 76.2-mm (3-in) gun, which 
fired its 6.25-kg (19.76-Ib) shot with a muzzle 
velocity of 610 m (2,001 ft) per second. The 
T-34 was powered by a 500-hp (373-kW) 
diesel, which provided for a maximum speed 
of 51.5 km/h (32 mph), and tho fuol capacity 
of 615 litres (135 Imp. gal.) offered the 
exceptional range of 450 km (280 miles). 

The hull was divided into three compart- 
ments. The forward compartment provided 
side-by-side seating for the driver and bow 
machine-gunner, who doubled as radio 
operator, in the company and platoon com- 
manders' vehicles that were the only tanks 
fitted with this equipment. The fighting com- 
partment was just behind the short forward 
compartment rather than in the centre, and the 
engine compartment at the rear. The trans- 
mission to the rear drive sprockets was also 
located in the rear compartment, and proved 
the least reliable single component of the T-34 
(vehicles were often seen with a spare trans- 
mission unit lashed down on the rear decking). 
The running gear comprised five unequally 
spaced road wheels, each mounted on a 
trailing arm whose coil spring suspension unit 
was located inside the hull: the two leading 
wheels had double concentric springs, and the 
other three had single springs. 

The least successful tactical feature of the 
T-34/76 in its initial form was the turret, a small 
unit with manual or electric traverse through 
360° and provision for manual geared eleva- 
tion of the main armament through an arc 
between +30° and —3°. Mounted coaxially 
with the main armament was a 7.62-mm (0.3-in) 
DT machine-gun, and the bow machine-gun 
was a similar weapon. Ammunition stowage 
comprised 77 main-armament rounds (a mixed 
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complement of armour-piercing, HE and shrap- 
nel as required) and up to 3,000 machine-gun 
rounds, the latter in magazine rather than 
belted form. 

The T-34/76 entered production towards the 
middle of 1940 at factories located in Kharkov, 
Leningrad and Stalingrad, the first machines 
being delivered in June 1940. Germany's 
advance after the beginning of Operation 
‘Barbarossa’ immediately threatened the 
Kharkov and Leningrad production facilites, 
and these were part of the USSR's heavy 
industrial and war-making capability uprooted 
for movement into the safety of Siberia: the 
Kharkov and Leningrad facilities were com- 
bined with the tractor factory at Chelyabinsk 
east of the Ural mountains, to create what 
became known as Tankograd, which is still one 
of the USSR's main centres for tank produc- 
tion. Exact production figures are uncertain, 
but the figures appear to be in the order of 115 
machines in 1940, 2,800 in 1941, 5,000 in 
1942, 10,000 in 1943, 11,750 in 1944 and 
10,000 in 1945, giving a grand total of about 
39,665 T-34s of all types. 

The first production variant has the Western 


designation T-34/76A, and is the version 
described above with a welded turret carrying 
the Model 1939 L-11 main gun. The welded 
turret was somewhat complex to build, and as 
the Soviets possessed a good capability for the 
production of large castings, a cast turret (still 
with the same L/30.5 gun in a rolled plate 
mounting) was introduced, to allow turret 
production to match the steadily increasing 
tempo of hull production. During 1941 the 
Germans began to field an increasing number 
of 50-mm PaK 38 anti-tank guns, whose 
projectiles could pierce the T-34's armour at 
Short ranges, and in response the Soviets 
increased the frontal armour of the T-34 to 47 
mm (1.85 in) on the hull and 60 mm (2.36 in) on 
the turret; at much the same time the original 
steel-tyred wheels were supplanted by rubber- 
tyred wheels, offering greater ride comfort for 
the crew. 

In 1942 the Soviets introduced to the T-34 
series the improved Model 1940 F34 gun with a 
longer barrel, a weapon that had been pio- 
neered in the 1930s for the T-28 and T-35 tanks. 
This piece weighed 455 kg (1,003 Ib) and had 
anoverall length of 3.165 m (124.6 in), its L/41.2 


The Soviets' T-34/76 was. 
an altogether superlative 
tank, but like all other 
armoured vehicles was 
prone to bogging down in 
wet conditions. (MARS) 
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T-34 Model 1940 
M 


barrel firing the same 6.25-kg (13.78-Ib) shot as 
the Model 1939 gun, but with the higher muzzle 
velocity of 680 m (2,231 ft) per second, for 
armour-penetration figures of 69 mm (2.72 in) 
at 500 m (545 yards), 61 mm (2.4 in) at 1,000 m 
(1,095 yards), 54 mm (2.13 in) at 1,500 m 
(1,065 yards) and 48 mm (1.89 in) at 2,000 m 
(2,185 yards). These figures compared favou- 
rably with the equivalents for the 75-mm 
(2.95-in) KwK L/24 and KwK 40 L/43 weapons 
carried by the Germans’ contemporary PzKpfw 
IV tanks, but where the T-34 still scored 
decisively over its German adversaries was in 
protection, range and cross-country perfor- 
mance. The use of the longer 76.2-mm (3-in) 
gun in the T-34 is signalled in Western termino- 
logy by the designation T-34/76B, and T-34/ 
76Bs are associated with welded as well as 
cast turrets. Thicker armour and the cast turret 
increased the T-34/76B's weight to 28,500 kg 
(62,831 Ib) without any serious degradation of 
performance. 

Some criticism had been levelled at the 
provision in these first models of a single large 
forward-hingeing hatch in the turret roof, and 
this deficiency was remedied in the T-34/76C. 
that began to appear in 1943. This variant had 
twin hatches, increasing overall height from 


T-34/76A 
(USSR) 


Type: medium tank 
Crew: 4 

Combat weight: 26,725 kg (58,918 Ib) 
Dimensions: length, overall 6.10 m (20 ft O in); 
width 3.00 m (9.85 ft); height overall 2.45 т 
(8.04 ft) 

Armament system: one 76.2-mm (3-in) M1938 
L-11 030.5 rifled gun with 80 rounds and two 
7.62-mm (0.3-in) DT machine-guns (one coaxial 
and one bow) with 2,394 rounds; the turret was 
electrically operated, the main gun was stabilized 
in neither elevation (— 3° to -- 30?) nor azimuth 
(360°), and simple optical sights were fitted; 
smoke could be generated by injecting diesel fuel 
into the exhaust 

Armour: welded steel varying in thickness bet- 
ween 15 and 45 mm (0.59 and 1.77 in) 
Powerplant: one 373-kW (500-hp) V-2-34 diesel 
engine with 420 litres (92.4 Imp. gal.) of internal 
fuel plus provision for 140 litres (30.8 Imp. gal.) of 
fuel in jettisonable tanks 

Performance: speed, road 51.5 km/h (32 mph); 
range, road 450 km (280 miles) with external fuel; 
fording 1.1 m (3.6ft; gradient 70%; vertical 
obstacle 0.9m (2.95 ft); trench 3.0m (9.85 ft); 
ground clearance 0.41 m (16.1 in) 
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the 2.49 m (8.17 ft) of the previous models to 
2.69 m (8.825 ft). Weight was boosted to 30,500 
kg (67,240 Ib), with a consequent decrease in 
speed to 48 km/h (29.8 mph). Other features of 
the T-34/76C were spudded tracks, improved 
vision devices and an armoured sleeve for the 
bow machine-gun. 

By the time the T-34/76C was beginning to 
enter service the Soviets were well advanced 
with the development of the upgunned T-34/85 
version, but saw considerable merit in main- 
taining the combat capability of the T-34/76 
series with a number of improved features. The 
first of these was a revised hexagonal turret 
with a wider gun mounting/mantlet in a version 
known to the West as the T-34/76D: the 
importance of the new turret is that it provided 
greater internal volume and, perhaps just as 
significantly, removed the earlier turrets’ rear 
overhang, whose slight horizontal separation 
from the rear decking had given German 
assault pioneers an ideal spot for the place- 
ment of anti-tank mines. The new turret 
increased tank weight to 31,400 kg (69,224 Ib), 
and another feature intorduced on this variant 
but then retrofitted without delay on earlier 
marks was provision for jettisonable external 
fuel tanks, to increase the T-34/76's already 


considerable range. The  T-34/76E was 
basically similar, but had a welded turret 
complete with a commander's cupola. The 
final T-34/76F had a cast turret with the 
commander's cupola, and also introduced a 
five-speed gearbox; only very limited produc- 
tion was undertaken before the T-34/76 series 
was superseded by the T-34/85. 

In autumn 1943 there appeared the T-34/85 
with the new 85-mm (3.35-in) gun designated 
initially as the D-5T85 or in upgraded form as 
the ZIS-S53; the gun was used with a turret 
adapted from that of the KV-85 heavy tank. The 
D-5T85 weighed 582 kg (1,283 Ib) and pos- 
sessed an overall length of 4.42 m (173.9 in): its 
L/51.5 barrel allowed the 9.36-kg (20.635-Ib) 
armour-piercing shot to be fired with a muzzle 
velocity of 792 m (2,599 ft) per second, with 
APCBC, HE and HEAT rounds as alternatives. 
The 215-553 weighed 1,148 kg (2,531 Ib) and 
possessed an overall length of 4.641 m (173.9 
in): its L/54.6 barrel allowed the 9.36-kg 
(20.635-Ib) armour-piercing shot to be fired with 
a muzzle velocity of 800 m (2,625 fl) per 
second, thereby giving it sufficient kinetic 
energy to penetrate 102 mm (4 in) of armour at 
a range of 1,000 m (1,095 yards). With either of 
these weapons the T-34/85 was a devastating 


The T-34/76D medium 
tank appeared in 1943, 
and by comparison with 
the T-34/76C had a 
hexagonal turret that 
eliminated the previous 
shot trap under the rear 
of the turret. The gun was 
the same 76.2-mm (3-in) 
L/41.2 weapon used in 
the T-34/76C. (RAC Tank 
Museum) 
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T-34/85 Model 1944 


T-34/85 Model 1944 
(USSR) 


Type: medium tank 

Crew: 5 

Combat weight: 32,000 kg (70,547 Ib) 
Dimensions: length, gun forward 7.50m 
(24.61 ft) and hull 6.00 m (19.70 ft); width 2.92 m 
(9.58 ft); height 2.39 m (7.84 ft) 

Armament system: one 85-mm (3.35-in) gun with 
55 rounds and two 7.62-mm (0.3-in) DT machine- 
guns with 2,394 rounds 

Armour. between 18 and 75 mm (0.71 and 
2.95 in) 

Powerplant: one 373-kW (500-hp) V-2-34 diesel 
engine with 635 litres (140 Imp. gal.) of fuel, ex- 
cluding а 135-litre (30-Imp. gal) jettisonable tank 
Performance: speed, road 50 km/h (31.1 mph); 
range, road 300 km (186 miles) on internal fuel; 
fording 1.3 т (4.3 ft) without preparation; gra- 
dient 30°; vertical obstacle 0.79 т (2.59 ft); 
trench 2.5 т (8.2 ft); ground clearance 0.4m 
(15.75 in) 


tank, completely outclassing the PzKpfw IV and 
providing a match for the Panther and Tiger in 
all but outright firepower at medium and long 
ranges. The main gun was provided with 55 
rounds, and the secondary armament of two 
7.62-mm (0.3-in) machine-guns (one bow and 
the other coaxial) had 2,394 rounds available to 
them. The larger turret had the considerable 
advantage of allowing a tactical crew of three, 
the availability of a gunner and loader permitt- 
ing the commander to concentrate on his 
primary function. 

The T-34/85 was authorized for production in 


December 1943, and by the year's end 283 had 
been built in convincing proof of the advantage 
of combining well-proved features (the hull of 
the T-34 with the turret/armament of the 
KV-85). By the end of 1944 some 11,000 
T-34/85s had been delivered, and production 
continued into the post-war period: the type 
served with the Soviet armies until the mid- 
1950s, and is still in fairly widespread use in 
many parts of the world today. 

As noted in Chapter Two, the Soviets were 
long-term advocates of the heavy tank, and 
during the 1930s travelled along much the 
same design path as the heavy tank advocates 
of other countries, until they reached the 
massive T-100 and SMK types with their main 
turrets on barbettes to give them a superfiring 
capability over the auxiliary turret. The fallacy 
of this practice was fully revealed in the 
Russo-Finnish ‘Winter War’ (1939-40); yet at 
the beginning of the Second World War in 
1939, the USSR was the only country to have 
placed such monsters into full-scale produc- 
tion, the initial type being the KV-1, named after 
Klimenti Voroshilov. Design of the KV-1 began 
during February 1939 at the Kirov factory in 
Leningrad, the intention of the design team 
being a heavy tank less tall than its prede- 
cessors, and therefore lacking their stability 
and visibility problems. The KV-1 was modelled 
on the T-100 and SMK (especially in the design 
and structure of the hull, and the nature of the 
running gear with torsion bar suspension) but 
did away with the auxiliary turret and its 45-mm 
gun, thereby removing the need for the main 
turret's barbette and allowing a general reduc- 
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tion in overall dimensions and weight 

The prototype KV-1 was built between April 
and September 1939, and ordered into produc- 
tion at the same time as the T-34 medium tank, 
in December of the same year. The machine 
hada crew of five, and at a weight of 47,500 kg 
(104,719 Ib) with a maximum 77-mm (3.03-in) 
thickness of hull armour attained a speed of 35 
km/h (21.75 mph) on its 600-hp (447-kW) V-2K 
diesel. The massive turret was made of welded 
armour between 30 and 75 mm (1.18 and 2.95 
in) thick with a 25-mm (0.98-in) cast mantlet, 
and was fitted with the same main armament 
as the T-34/76; the secondary armament was 
three 7.62-mm (0.3-in) machine-guns. 

The KV-1 entered production in Leningrad in 
February 1940, and some 245 had been 
produced by the end of the year. A few were 
sent for operational evaluation in the Finnish 
campaign, proving successful in the break- 
through of the Finns’ Mannerheim Line 


defences. After the German invasion, the Kirov 
factory was evacuated to Chelyabinsk, in 
whose Tankograd all subsequent production 


was undertaken, to the extent of 13,500 
chassis used for assault guns as well as heavy 
tanks. Variants of the KV-1 were the KV-1A of 
1940 with the L/41.2 main gun, resilient road 
wheels, an additional 20 mm (0.79 in) of armour 
on the nose, and a cast mantlet with 25-mm 
(0.98-in) welded armour strengthening; the 
KV-1B of 1941 with an additional 25 to 35 mm 
(0.98 to 1.38 in) of armour bolted and later 
welded to the hull front and sides, and later with 
a cast turret, increasing weight to 48,775 kg 
(107,520 Ib); the KV-1C of 1942 with the cast 
turret, wider tracks, and uprated engine and 
maximum armour thicknesses increased to 
130 mm (5.12 in) on the hull and 120 mm (4.72 
in) on the turret; and the KV-1s (skorostnoy, or 
fast) of 1942 with weight reduced to 43,185 kg 
(95,205 10) by the omission of the appliqué 
armour used on the previous models, to 
increase speed from 34 to 44.5 km/h (21.2 to 
27.7 mph). 

Running in parallel with KV-1 production was 
that of the KV-2 artillery fire-support version 
with an enormous and slab-sided turret accom- 


Retaining the well-proved 
hull/powerplant 
combination of the 
7-34/76 series, the 
T-34/85 added the KV-1's 
larger turret housing a 
powerful 85-mm (3.35-in) 
gun. (RAC Tank Museum) 
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The KV-18 heavy tank 
was an uparmoured 
version of the KV-1, and 
this is an example of the 
1942 production variant 
with a cast rather than 
welded turret. (RAC Tank 
Museum) 
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KV-1A 
(USSR) 


Type: heavy tank 

Crew: 5 

Combat weight: 47,100 kg (103,836 Ib) 
Dimensions: \ength overall 6.89m (22.60 ft); 
width 3.25 m (10.66 ft); height overall 2.67 m 
(8.76 ft) 

Armament system: опе 762-mm (in) 
M1938/1939 L/40 rifled gun with 111 rounds and 
three 7.62-mm (0.3-in) DT machine-guns (one 
coaxial, one bow and one turret rear) with 3,024 
rounds; the turret was electrically operated, the 
main gun was stabilized in neither elevation 
(— 4° to + 24.5%) nor azimuth (360°) and simple 
optical sights were fitted 

Armour: welded steel varying in thickness bet- 
ween 30 and 77 mm (1.18 and 3.03 in) 
Powerplant: one 410-kW (550-hp) V-2-K diesel 
engine with 595 litres (130.9 Imp. gal.) of fuel 
Performance: speed, road 35 km/h (21.75 mph); 
range, road 225 km (140 miles); fording 1.45 m 
(4.76 ft); gradient 70%; vertical obstacle 1.2 m 
(3.9 ft); trench 2.7 m (8.86 ft); ground clearance 
0.3 m (1.0 ft) 


modating a 152-mm (6-in) howitzer. The size of 
this turret was a severe tactical hindrance, as 
too was the weight of 53,850 kg (118,717 Ib) 
without any increase in power, and the KV-2's 
short production life was mirrored by its brief 
operational career. It had been planned to 
develop a KV-3 heavy tank on the same basic 
chassis but fitted with a turret able to accept a 
107-mm (4.21-in) gun, but this did not proceed 


past the prototype stage, so the final variant of 
this family was the KV-85 of 1943 with a large 
cast turret for an 85-mm (3.35-in) gun. Most 
KV-85s were produced by converting KV-1s, at 
a weight of 46,750 kg (103,064 Ib). 

The ultimate development of the Soviets’ 
enthusiasm for the heavy tank was the losef 
Stalin (IS, sometimes rendered JS) series, 
which resulted in the short term from the 
knowledge in August 1942 that the Germans 
were developing new tank types with heavy 
protection and powerful armament. It was 
appreciated by the Soviets that their current 
service and development tanks might not be 


KV-85 

(USSR) 

Type: heavy tank 

Crew: 4 

Combat weight: 46,740 kg (103,042 Ib) 
Dimensions: length, gun forward 8.50m 


(28.89 ft) and hull 6.80 m (22.31 ft); width 3.25 m 
(10.66 ft); height 2.90 m (9.51 ft) 

Armament system: one 85-mm (3.35-in) gun with 
71 rounds and three 7.62-mm (0.3-in) DT 
machine-guns with 3,276 rounds 

Armour: between 30 and 110 mm (1.18 and 
4.33 in) 

Powerplant: one 447-kW (600-hp) V-2K-s diesel 
engine with 550 litres (121 Imp. gal.) of fuel 
Performance: speed, road 35 km/h (21.75 mph); 
range, road 250 km (155 miles); fording 1.6m 
(6.25 ft); gradient 36°; vertical obstacle 1.2m 
(3.94 ft); trench 2.7 m (8.86 ft); ground clearance 
0.4 m (15.75 in) 


KV-85 


————— 
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able to cope with these new German tanks, and 
early in 1943 a novel IS series was planned at 
the Kirov factory. Design was entrusted to the 
KV team, who therefore used features of the 
KV series wherever possible, to reduce tech- 
nical risk and to speed the design and develop- 
ment programme. Weight no greater than that 
of the KV was demanded, and as initial plans 
called for an 85-mm (3.35-in) main gun, the 
designation IS-85 was allocated. The first of 
three prototypes appeared in the autumn of 
1943, and though clearly derived from the KV 
series in its hull, powerplant and running gear, 
it was an altogether more formidable machine, 
with highly sloped armour that was also 
extremely thick: that of the hull was welded, 
and varied in thickness from 19 to 120 mm 
(0.75 to 4.72 in), while the turret was the same 
cast unit as fitted on the KV-85 and provided 
thicknesses between 30 and 100 mm (1.18 and 
3.94 in). By comparison with the KV-85 the hull 
of the IS-85 had lower running gear to permit 
the use of a superstructure that overhung the 
tracks and so made possible a larger turret 
ting. The care taken in component as well as 
overall design is indicated by the fact that the 
15-85 emerged with 50 mm (1.98 in) more 
armour than the KV-85, but weighed some 
2,000 kg (4,409 Ib) less, allowing a slightly 
higher maximum speed on a slightly less 
powerful engine. It is thought likely that the 
IS-85 saw very limited operational service as 
the 18-1. 

At the same time it was considered in- 


Type: heavy tank 

Crew: 4 

Combat weight: 45,215 kg (99,680 Ib) 
Dimensions: length, gun forward 10.00m 
(32.81 ft) and hull 6.63 m (21.75 ft); width 3.11 m. 
(10.25 ft); height 2.71 m (8.9 ft) 

Armament system: one 122-mm (4.8-in) gun with 
28 rounds, one 12.7-mm (0.5-in) DShK machine- 
gun with 945 rounds and three 7.62-mm (0.3-in) 
DT machine-guns with 2,330 rounds 

Armour: between 19 and 120mm (0.75 and 
4.72 in) 

Powerplant: one 382-kW (513-hp) V-2-IS (V-2K) 
diesel engine with 525 litres (115 Imp. gal.) of fuel 
Performance: speed, road 37 km/h (23 mph); 
range, road 185 km (115 miles); fording 1.3 т 
(4.25 ft) without preparation; gradient 36*; ver- 
tical obstacle 1.0 m (3.3 ft); trench 2.5 m (8.2 ft); 
ground clearance 0.37 m (14.6 in) 


L 


appropriate that a heavy tank should have the 
same armament as the current medium tank, 
So it was proposed that a variant should be 
developed as the 15-100 with a 100-mm 
(3.94-in) main gun, in a process made very 
straightforward by the initial adoption of a large 
turret ring. A small number of 15-100 tanks 
were put in hand for evaluation purposes, but 
the type proceeded no further as General F. 
Petrov, talented designer of the turret used in 
the KV-85, T34/85 and IS-1, had proposed an 
altogether more formidable machine with a 
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new turret of superior ballistic shape and fitted 
with the 122-mm (4.8-in) D-25 gun: this was 
5.92 m (233 in) long, and its L/43 barrel fired a 
24.95-kg (5546) armour-piercing shot with a 
muzzle velocity of 780 m (2,559 ft) per second. 
After development as the IS-122, the type was 
placed in production as the IS-2, and the 
considerably more potent turret/armament 
combination was also retrofitted to the small 
number of 15-1005 that had been built to create 
the variant known in the West as the IS-1B, the 
original IS-1 being redesignated IS-1A to avoid 
confusion. The IS-2 was accepted for produc- 
tion at the end of October 1943 after an 
extremely rapid development programme, and 
by the end of the year some 100 IS-2 tanks had 
been delivered. 

Operational experience with the IS-2 in the 
first half of 1944 showed that the type was truly 
formidable in firepower and protection, but that 
the latter factor could still be improved. The 
result was the IS-3 that appeared towards the 
end of the year: the hull was basically that of 
the IS-2 revised in thicker rolled plate for better 
ballistic protection, while the totally new turret 
introduced the smooth inverted-bowl! shape 


that is still used by the Soviets, with thickness 
varying from a minimum of 25 mm (0.98 in) to a 
maximum of 230 mm (9.06 in). The weight was 
still only 46,535 kg (102,590 Ib), somewhat 
lower than that of the Germans’ Tiger Series, 
yet the firepower and protection were immea- 
surably superior, without adversely affecting 
mobility, The 15-3 can thus be seen as the 
ultimate expression of the design philosophy 
first seen in the T-34, taken to so great an 
extreme that it marked the advent of a new 
philosophy pursued with great determination 
by the Soviets in their tanks on the period after 
the Second World War. 

To conclude this assessment of the Allied 
nations' tanks of the Second World War, it is 
necessary to backtrack to two British domi- 
nions, namely Australia and Canada. Australia 
ultimately enjoyed a good supply of American 
tanks to replace its original establishment of 
British machines (largely pre-war types). But 
fearing that supplies from the UK and USA 
might be impossible, Australia produced an 
indigenous tank, in the form of the Australian 
Cruiser Tank Sentinel. Design was started in 
late 1940, using locally available resources and 


S 


The IS-2 heavy tank was 
a much improved 
development of the IS-1 
with usefully reduced 
weight yet better 
protection resulting from 
the optimization of the 
hull's ballistic shaping 
(RAC Tank Museum) 
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15-3 Model 1945 
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techniques, and the Sentinel AC I's design was 
completed in September 1941 with a power- 
plant comprising three 117-hp (87.2-kW) Cadil- 
lac engines driving a transmission modified 
from that of the Americans’ Medium Tank M3, 
and a cast turret armed with a 2-pdr (40-mm) 
gun. Only 66 production tanks, were made, and 
these were used for training. Developments 
that did not enter production included the AC III 
close-support version with a 25-pdr (2.35-in/ 
87.6-mm) gun/howitzer in place of the 2-pdr 


(40-mm) weapon, and the AC IV with a 17-pdr 
(76.2-mm/3-in) anti-tank gun. 

Canada's only indigenously-developed tank 
was the Cruiser Tank Ram І, which used the 
lower hull, running gear and powerplant of the 
Medium Tank M3 married to a new cast upper 
hull and turret mounting a 2-pdr (40-mm) gun, 
though a 6-pdr (57-mm) weapon had been 
planned. Production of 50 vehicles was under- 
taken between late 1941 and summer 1943, by 
which time the Ram II had introduced the 
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15-3 

(USSR) 

Type: heavy tank 

Crew: 4 

Combat weight: 46,500 kg (102,513 Ib) 
Dimensions: length, gun forward 10.00m 


(32.81 ft) and hull 6.66 m (21.85 ft); width 3.20 m 
(10.50 ft); height overall 2.71 m (8.89 ft) 
Armament system: one 122-mm (4.8in) D-25 
(M1943) L/43 rifled gun with 28 rounds, two 
7.62-mm (0.3-in) DT machine-guns (one coaxial 
and one bow) with 1,000 rounds and one 
12.7-mm (0.5-in) DShK AA machine-gun with 945 
rounds; the turret was electrically operated, the 
main gun was stabilized in neither elevation 
(—3° to + 20°) nor azimuth (360°), and simple 
optical sights were fitted 

Armour. cast and welded steel varying in 
thickness between 20 and 230 mm (0.79 and 
9.06 in) 

Powerplant: one 387-kW (519-hp) V-2-IS diesel 
engine with 480 litres (105.6 Imp. gal.) of fuel 
Performance: speed, road 37 km/h (23 mph); 
range, road 210 km (130.5 miles); fording 1.3 m 
(4.27 ft); gradient 70% ; vertical obstacle 1.0 т 
(3.28 ft); trench 2.5 m (8.2 ft); ground clearance 
0.45 m (17.7 in) 


Sentinel ACL === 


ue 
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stabilized 6-pdr (57-mm) gun plus a host of 
mechanical and operational improvements 
Production amounted to 1,899 Ram 115 in 1942 
and 1943. Canada also produced the Medium 
Tank M4A1 (Sherman 11) with slight modifica- 
tions as the Cruiser Tank Grizzly |. 


Cruiser Tank Sentinel AC 1 
(Australia) 


Type: cruiser tank 

Crew: 5 

Combat weight: 62,720 Ib (28,450 kg) 
Dimensions: length overall 20.75 ft (6.32 т); 
width 9.08 ft (2.77 т); height 8.40 ft (2.56 m) 
‘Armament system: one 2-pdr (40-mm) gun with 
130 rounds and two 0.303-in (7.7-mm) Vickers 
machine-guns with 4,250 rounds 

Armour: between 25 and 65 mm (1 and 2.56 in) 
Powerplant: three 117-hp (87.2-«W) Cadillac '75' 
petrol engines with 140 Imp. gal. (636 litres) of 
fuel (excluding a 44-Imp. gal. (200ditre) jet- 
tisonable tank) 

Performance: speed, road 30 mph (48.3 km/h); 
range, road 200 miles (322 km); trench 8.0 ft 
(2.44 m) 
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Like the Canadian Ram, 
based mechanically and 
automotively on the US 
M3 medium tank but fitted 
with a powerplant derived 
from commercial truck 
engines, the Cruiser Tank 
Sentinel was a bold 
Australian attempt to 
develop a self-sufficiency 
in tank design and 
production. This is a 
Sentinel AC | with 360° 
traverse turret and 2-pdr 
(40-mm) gun. (WM) 
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Cruiser Tank Ram Mk I 
(Canada) 


Type: cruiser tank 
Crew: 5 

Combat weight: 64,000 Ib (29,030 kg) 
Dimensions: length overall 10.00 ft. (5.70 m); 
width 9.83 ft (3.00 m); height 8.75 ft (2.67 m) 
Armament system: one 2-pdr (40-mm) gun with 
171 rounds, three 0.3-in (7.62-mm) Brownina 
machine-guns with 4,275 rounds and one 2-in 
(50.8-in) bomb thrower with 44 rounds 

Armour: between 25 and 76 mm (1 and 3 in) 
Powerplant: one 400-пр (298-kW) Continental 
R-975-EC2 petrol engine with 121.5 Imp. gal 
(552 litres) of fuel 

Performance: speed, road 25 mph (40.2 km/h); 
range, road 144 miles (232 km); fording 3.33 ft 
(1.01 m), gradient 00%, vertical obstacle 2.0 п 
(0.61 m); trench 7.4 ft (2.26 m); ground clearance 
17 in (0.43 m) 


The Canadian Cruiser 
Tank Ram Mk Il was 
based mechanically and 
automotively on the US 
Medium Tank M3, but had 
a 360° traverse turret 
with a 6-pdr (57-mm) gun 
(IWM) 


The Years of 


Consolidation 


After the Second World War, the victorious 
Allies combined an intensive analysis of ar- 
moured warfare during the recent conflict with 
an avid picking over of the bones of German 
technical research into all aspects of tank 
technology. The Soviets were well content 
with the tactical and technical performance of 
their armoured forces in the last two years of 
the war and continued along the same basic 
lines, but the Western Allies had cause for 
considerable revision in their thinking, though 
there were clearly many good features that 
could be retained as the basis for new devel- 
opment. 

The Second World War had nearly bank- 
rupted the UK, and the vast demobilization 
after the end of the war in 1945 forced 
economies on the army at the same time that it 
further straitened the situation at home. This 
position was worsened after 1947, when the 
grant of independence to India signalled the 
start of a rapid dissolution of the British Em- 
pire: the departure from India removed the 
need for many of the imperial ‘way stations’ on 
the sea and air routes to the old viceroyalty, 
and within about 15 years the British posses- 
sions in Africa and in the Near, Middle and Far 
East had gone, further reducing the UK's need 
for а large military capability. This capability 
had never been as large as that which many 
other countries would have used for the same 
task, but demanded a high-quality regular 
army supported by a territorial force and de- 
signed for high levels of strategic mobility, so 
that the eruption of trouble could be met by 
adequate strength with minimum delay. The 
dissolution of the empire led to a reassess- 
ment of the role of the British army, the in- 
evitable conclusion being that while the 
dwindling imperial commitment had still to be 
met, the new role of the army was in Europe as 
part of the NATO alliance, Like the imperial 
role, this demanded a modest but high-quality 


army, though in this instance fielding the best 
of heavy weapons, rather than ordnance de- 
signed for easy mobility over strategic 
distances before use against an unsophisti- 
cated enemy. The projected foe was now the 
USSR, and the vast tank fleet mustered and 
constantly improved by the Soviets demanded 
а very high-quality counter. 

The light tank concept had fallen out of 
favour with the British during the Second 
World War, and in the period immediately after 
the war the reconnaissance role was en- 
trusted to wheeled scout cars and wheeled ar- 
moured cars. So far as tracked vehicles were 
concerned, in the short term the British kept in 
service the best of the cruiser and infantry 
tanks of World War II while working on re- 
placements. These two types were the A41 
Cruiser Tank Centurion and the A45 Infantry 
Tank Conqueror, both launched on their 
development careers in 1944. These were 
seen as complementary vehicles incor- 
porating all the lessons of armoured warfare 
learned so painfully since 1940 by the Royal 
Armoured Corps, which had been created in 
April 1939 to control all mechanized cavalry 
regiments (with the exception of the House- 
hold Cavalry) and the Royal Tank Corps, which 
thereupon became the Royal Tank Regiment. 

After basic formulation by the Department 
of Tank Design in 1943, the A41 was entrusted 
to AEC for detail design with the object of pro- 
ducing a high-mobility cruiser tank, charac- 
terized by improved Horstmann suspension, 
better protection through the adoption of ar- 
mour that was both thicker and better sloped, 
and heavier firepower through the use of the 
17-раг (76.2-mm/3-in) high-velocity gun in a 
mounting that would be readily adaptable to 
larger-calibre weapons as these became 
available; the secondary armament was also 
increased in the prototypes to a 20-mm 
Polsten coaxial cannon, but it was eventually 
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decided to revert to the standard 7.92-mm 
(0.312-in) Besa machine-gun, which was then 
replaced by a 0.3-in (7.62-mm) Browning 
machine-gun. Not included in the original con- 
cept were high road speed and anything more 
than minimal range, and these two factors 
have been the Centurion's main limitations 
throughout its highly successful and lengthy 
Service career. 

Production of the Centurion was entrusted 
to the Royal Ordnance Factory at Leeds, 
Vickers-Armstrongs at Elswick and Leyland 
Motors at Leyland: by the time Centurion pro- 
duction ended in 1962 these companies had 
built just over 4,400 of the series including 
about 2,500 for export to countries as diverse 
as Australia, Canada, Denmark, India, Iraq, 
Israel, Jordan, Kuwait, Lebanon, the Nether- 
lands, South Africa, Sweden and Switzerland. 
The type is still in service with several of these 
countries, such is the worth of the basic 
design, and, indeed it is still being upgraded to 
maintain it as a viable weapon with a better 
fire-control system, modern armament and (in 
many cases) a diesel powerplant. Though 
limited in speed to 21.5 mph (34.6 km/h) and in 
the range of early models to 65 miles (105 km) 
by its 650-hp (485-kW) Rolls-Royce Meteor Mk 
IVB petrol engine and miserly 100-Imp. gal. 
(458-litre) internal fuel capacity, the Centurion 
has proved a remarkably long-lived weapon 
because of its capability for uparmouring 
and upgunning, as indicated below. 

In overall design the Centurion is unexcep- 
tional, with the driver's compartment at the 
front behind moderately sloped frontal ar- 
mour, the fighting compartment in the centre 
(complete with turret for the commander, gun- 
ner and loader), and the engine compartment 
at the rear. The engine drives rear drive 
Sprockets, and on each side the running gear 
comprises three pairs of road wheels, each 
sprung by one set of concentric springs, and 
Six track-return rollers, of which the front and 
rear units support only the inner sides of the 
track. Provision is made for the installation of 
skirt plates over the upper halves of the tracks 
to provide a measure of protection against the 
hollow-charge warheads that proved so effec- 
tive in the Second World War and which have 
been spectacularly improved since that time. 


Construction of the hull is welded, while the 
electrically/manually-traversed turret is a cast 
unit with a welded roof plate. 

Six prototypes were completed before the 
end of the Second World War, but though 
these were shipped to Germany, they arrived 
too late to see combat. An extended period of 
development followed the war as the concept 
of a battlefield team of cruiser and infantry 
tanks faded in the face of tho notion of tho 
single battle tank that could undertake both 
halves of what was becoming a unified role, 
and the initial Centurion Mk 1 bogan to ontor 
Service only in 1949 with the 17-pdr 
(76.2-mm/3-in) Mk 3 gun as main armament. 
This was the ultimate development of this Se- 
cond World War weapon, which was a for- 
midable weapon by the standards о! ine urne. 
though the L/55.15 bore length remained 
unaltered, at 2,032 Ib (972 kg) and 184.05 in 
(4.675 m) the gun was both heavier and longer 
than its predecessors, and could fire the new 
APDS round, whose 8.15-Ib (3.7-kg) projectile 
left the muzzle at a velocity of 3,950 ft 
(1,204 m) per second for a penetration of 
186 mm (7.32 in) of armour at an angle of 30* 
at a range of 500 yards (455 m). Compared 
with the 17-pdr Mk 2 used in the Sherman 
‘Firefly’, this represented a 55 per cent im- 
provement in penetrative capability, while the 
equivalent improvement over the slightly 
shorter 77-mm Mk 2 used in the Comet was no 
less than 73.4 per cent. 

Further development of the baseline model 
produced the Centurion Mk 2 with improved 
armour, but a major change came with the 
Centurion Mk 3, armed with the 20-pdr 
(83.4-mm/3.28-in) Tank Gun Mk 1. This offered 
Still greater armour-penetration capability and, 
at a weight of 2,885 Ib (1,309 kg) and overall 
length of 220 in (5.59 m), used its L/64.1 barrel 
to fire a 20-Ib (9.07-kg) APCBC shot with a muz- 
zle velocity of 3,300 ft (1,006 m) per second. 
The Centurion Mk 4 was to have been the 
close-support counterpart of the Mk 3 with a 
94-mm (3.7-in) Tank Howitzer Mk 1, but was 
not built, so the next production variant was 
the Centurion Mk 5, which was the first definit- 
ive version. It was a Vickers-designed counter- 
part to the Mk 3, which were all brought up to 
this operationally-improved standard. Further 
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development produced the up armoured Cen- 
turion Mk 5/1, and the Centurion Mk 5/2 which 
entered service in 1959 and was armed with 
the magnificent 105-mm (4.13-in) Tank Gun L7, 
a product of the Royal Ordnance Factories, fit- 
ted in a mounting that provided full stabiliza- 
lion in elevation to complement the turret's 
stabilization in azimuth. The basic details of 
the L7 include a weight of 2,826 Ib (1,282 kg) 
and an overall length of 231.9 in (5.89 m). The 
L7 is notable for its high degree of accuracy 
and consistency, and is the standard weapon 
that entered widespread service in the 
Western world as the British L7 series, the US 
Watervliet Arsenal M68 series and the West 
German Rheinmetall Rh-105-60 series. The 
development of improved weapons continues, 
as does that of upgraded ammunition types. 
The success of the L7 series helped to stan- 
dardize the 105-mm (4.13-in) calibre as the 
norm for Western tanks in the 1960s and 
1970s, and thus prompted development of the 
GIAT CN105 series in France, an OTO Melara 
weapon of the same calibre in Italy, and a 
number of modification programmes in coun- 
tries such as Austria. 


Even with the comparatively long recoil of 
the L7, it was possible to install the weapon 
with an elevation arc that ran from a maximum 
of +20° to a minimum of -10°, and this latter 
proved invaluable in combat. The Centurion 
has been used in anger in many wars (most 
notably the Korean, various Middle Eastern, 
Indo-Pakistani and Vietnam conflicts), and the 
main gun's large depression angle has al- 
lowed the tank to adopt a hull-down tactical 
position for maximum concealment and pro- 
tection. This had proved very useful in opera- 
tions against Soviet tanks, which have a main 
gun depression limit of about -3°, meaning that 
they cannot readily hide themselves, even in 
shallow dips. The 105-mm (4.13-in) gun in the 
Centurion is provided with 64 rounds of am- 
munition, and was aimed in these initial 
models with the aid of a 0.5-in (12.7-mm) spot- 
ting machine-gun with 600 rounds: this coaxial 
machine-gun was ballistically matched to the 
105-mm (4.13-in) weapon, and after machine- 
gun rounds had been seen to hit the target, the 
main gun could be fired with a high probability 
of scoring a decisive first-round hit, even when 
the tank was moving, thanks to the provision of 


Centurion Mk 5 battle 
tanks of the Canadian 
army on manoeuvres. 
(Canadian Armed Forces.) 
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two-axis stabilization. The standard 0.3-in 
(7.62-mm) coaxial machine-gun was retained, 
as was a similar weapon in the 360° vision 
commander's cupola, and 4,750 rounds of 
ammunition were carried for these weapons. 
Extra tactical capability was offered by the 
provision of six dischargers for smoke 
grenades on each side of the turret. The Mk 5 
could also tow a 200-Imp.gal. (909-litre) 
monowheel fuel trailer as an expedient to 


boost range. 

The Centurion was probably produced in 
more variants than any other tank of the post- 
war period, and after the Mk 5 variants the se- 
quence continued with the Centurion Mk 6, 
which was the Mk 5/2 uparmoured and fitted 
with additional fuel tankage, increasing overall 
capacity to 228 Imp.gal. (1,097 litres) and 
range to 118 miles (190 km); variants of the Mk 
6 were the Centurion Mk 6/1 with a stowage 


Centurion Mk 5 
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ROF Leeds/ROF Woolwich/Vickers 
Centurion Mk 5/2 
(UK) 


Type: main battle tank 

Crew: 4 

Combat weight: 111,835 Ib (50,728 kg) 
Dimensions: length, gun forward 32.25 ft 
(8.829 m) and hull 24.79 ft (7.556 m); width 
11,12ft (8.39 m) over skirts; height 9.65 ft 
(2.94 m) to top of cupola 

Armament system: one 105-mm (4.13-in) ROF L7 
rifled gun with 64 rounds, two 7.62-mm (0.3-in) 
Browning machine-guns (one co-axial and one 
AA) with 4,750 rounds, and six smoke- 
dischargers on each side of the turret; the turret 
is electrically powered, the main gun is stabilized 
inelevation(— 10° to + 20°) and azimuth (360°), 
and an optical fire-control system is fitted 
Armour: cast and welded steel varying in 
thickness from 0.66 to 6 in (17 to 152 mm) 
Powerplant: one 650-hp (485-kW) Rolls-Royce 
Meteor Mk IVB petrol engine with 101 Imp. gal 
(458 litres) of internal fuel 

Performance: speed, road 21.5 mph (34.6 km/h); 
range, road 64 miles (102 km); fording 4.75 ft 
(1.45 m) without preparation and 9.0 ft (2.74 m) 
with preparation; gradient 60%; side slope 30% ; 
vertical obstacle 3.0 ft (0.91 т); trench 11.0 ft 


{335 m); ground clearance 18 in (0.46 m) 


basket on the turret rear and infra-red equip- 
ment to provide a limited night-driving and 
night-fighting capability, and the Centurion Mk 
6/2, which introduced the ranging machine- 
gun for the main armament. The Centurion Mk 
7 was a Leyland model with the 20-pdr 
(83.4-mm/3.28-in) gun fitted with a fume ex- 
tractor and carrying 61 main-armament 
rounds, and was subsequently designated 
FV4007 in the Fighting Vehicle designation 
system; variants of the Mk 7 were the Cen- 
turion Mk 7/1 (FV4012) with improved armour, 
and the Centurion Mk 7/2 with the L7 gun. The 
Centurion Mk 8 was essentially the Mk 7 with a 
revised gun mounting, contra-rotating com- 
mander's cupola and provision for the com- 
mander's twin hatch covers to be raised for 
overhead protection with the commander's 
torso out of the turret; standard variants of the 
Mk 8 were the Centurion Mk 8/1 with improved 
armour, and the Centurion Mk 8/2 with the L7 
gun. The Centurion Mk 9 (FV4015) was the Mk 
7 with thicker armour and the L7 gun; variants 
of the Mk 9 were the Centurion Mk 9/1 with the 
stowage basket and infra-red vision devices, 
and the Centurion Mk 9/2 had the ranging 
machine-gun. Next came the Centurion Mk 10 
(FV4017), essentially the Mk 8 with improved 
armour and the L7 gun plus 70 rounds; stan- 


In Swiss service the 
Centurion Mk 7 is 
designated Pz 57. (Swiss 
Army) 
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Armoured vehicles since 
the First World War have 
been developed 
increasingly as families of 
battlefield types with 
approximately the same 
performance and agility 
‘These are a Centurion 
AVRE 165 and two 
Centurion AVLBs. (MARS) 


The Centurion ARV is 
essentially a battle tank 
with its turret replaced by 
a fixed superstructure 
topped by a rotating 
commander's cupola. A 
mass of repair and 
engine-change equipment 
is carried. (MARS) 


dard variants of the Mk 10 were the Centurion 
Mk 10/1 with stowage basket and infra-red vi- 
sion devices, and the Centurion Mk 10/2 with 
the ranging machine-gun. The Centurion Mk 
11 was the Mk 6 with stowage basket, infra-red 
vision devices and ranging machine-gun, while 
the Centurion Mk 12 was the Mk 9 with the 
same improvements, and the final Centurion 


Mk 13 was the Mk 10 with infra-red vision 
devices and the ranging macnine-gun, 

The Centurion was also used as the basis of 
several specialized vehicles, such as two ar- 
moured vehicle-launched bridges, an ar- 
moured recovery vehicle, an assault engineer 
vehicle and a beach armoured recovery vehi- 
cle. There were also several projected 
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Above The Centurion 
AVLB has an 80-ft 
(24.38-m) bridge launched 
in between 3 and 5 
minutes and recoverable 
from either end. (MoD) 


Above left А Centurion 
AVRE 105, fitted with 
mine ploughs, of the 32nd 
Armoured Engineer 
Regiment, Royal 
Engineers, during 1984. 
This AVRE model retains 
the 105-mm (4.13-in) main 
armament of the gun 
tank, but has much of the 
Centurion AVRE 165's 
specialized combat 
engineer equipment. 
(MARS) 


Left А Centurion AVRE 
165 of 32 Armoured 
Engineer Regiment, Royal 
Engineers, is put through 
its paces with the new 
mine ploughs during 

1980. The main armament 
а 165-mm (6.5-in) 
demolition gun, which has 
only a short range but 
fires a devastating 
demolition projectile 
(MARS) 
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models, such as two types of self-propelled 
gun and two types of tank destroyer with 120- 
or 180-mm (4.72- or 7.09-in) guns. As the basic 
gun tank is still in service, Vickers and a 
number of overseas companies have offered 
retrofit programmes or kits ranging from a 
completely new diesel powerpack to modern 
fire-control systems (laser rangefinder and 
ballistic computer) for the main armament. 
The Centurion remains one of the classic 
tanks of all time, and finally proved that the UK 
could produce a tank matching the best 
anywhere in the world. The same cannot be 
said of the A45, which was conceived as the 
Centurion's heavy companion and then plann- 
ed as the baseline model in the Universal Tank 
series, which would have used the same hull 
as the basis of the flame-throwing, dozing and 
amphibious variants. The first FV201 proto- 
type of the A45 was delivered in 1948, and was 
а massive machine on running gear fitted with 
Horstmann suspension (four twin-wheel units, 
each with three concentric springs on each 
side), the turret of the Centurion with its 17-pdr 
(76.2-mm/3-in) gun, апа a remotely-controlled 
machine-gun barbette on the left-hand track 
guard. It became clear during the A45's proto- 
type trials that this unwieldy tank's role could 
be fulfilled without difficulty by the Centurion, 
and in 1949 the A45 was cancelled. However, 
its chassis became the core of a new heavy 
tank planned to tackle the IS-3 and its succes- 
sors in Soviet service. This was developed as 
the Conqueror (FV214), initial proof of the 
concept being undertaken in a model called 


the Caernarvon (FV221), which was the hull of 
the Conqueror and the turret of the Centurion 
The definitive Conqueror appeared in 1950, 
and the obsolescence of the concept that led 
to its development is indicated by the fact that 
production of only 180 vehicles was under- 
taken in the period between 1956 and 1959. At 
a weight of 145,600 Ib (66,044 kg), attributable 
mostly to armour of 178-mm (7-in) maximum 
thickness, the Conqueror attained a Speed of 
21 mph (33.8 km/h) on its 810-hp (604-kW) 
Meteor 120 No. 2 Mk 1A petrol engine. The 
crew was four, and the massive cast turret ac- 
commodated a 120-mm (4.72-in) Tank Gun 


FV214 Conqueror Mk 2 
(UK) 


Type: heavy tank 

Crew: 4 

Combat weight: 145,600 Ib (66,044 kg) 
Dimensions: length, gun forward 38.00 ft 
(11.58 m) and hull 25.33 ft (7.72 m); width 13.08 ft 
(3.99 т); height 11.00 ft (3.35 m) 

Armament system: one 120-mm (4.72-in) gun 
with 35 rounds, two 0.3-in (7.62-mm) machine- 
guns with 7,500 rounds, and two sextuple 
smoke-dischargers 

Armour: 178 mm (7 in) maximum 

Powerplant: one 810-hp (604-kW) Rolls-Royce 
M120 No.2 Mk 1A petrol engine 

Performance: speed, road 21.3 mph (34.3 km/h) 
range, road 95 miles (153 km); fording 4.75 ft 
(1.45 m) without preparation; gradient 60% ; ver- 
tical obstacle 3.0ft (0.91 m); trench 11.0ft 
(3.35 m); ground clearance 20 in (0.51 m) 


Conqueror Mk 2 
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L11 with 35 rounds, one 0.3-in (7.62-mm) coax- 
ial machine-gun and one 0.3-in (7.62-mm) ma- 
chine-gun on the commander's cupola. The 
L11 weighed 3,926 Ib (1,781 kg) and was 
270.2 in (6.86 m) long with an L/55.3 bore. The 
Conqueror was allocated at the rate of nine 
vehicles to each of the British armoured 
regiments in West Germany, and was design- 
ed to provide Centurion units with long-range 
fire and anti-tank support. But in addition to its 
conceptual obsolescence, the Conqueror was 
unreliable, and was phased out of service in 
1966. 

French tank developments had effectively 
ceased on all but the covert level in June 1940, 
resuming fully only after the liberation of 
France had started in 1944. However, the Free 
French were already fighting on the Allied 
side, and in 1943 the first steps had been taken 
towards the creation of a Free French ar- 
moured force based on the division blindée 
(armoured division). This was modelled on US 
practice, as indicated in the Appendix. Such 
divisions fought for the rest of the Second 
World War, and the basic establishment re- 
mained unaltered, even when the formation 


became the division mobile (mobile division) in 
1950. 

As proved by the composition of their ar- 
moured division, the French subscribed ini- 
tially to the US concept. of separate tank 
destroyer units, to leave the tank units proper 
free for infantry support and/or exploitation 
tasks. This began to alter in 1953, when 
dedicated tank destroyers were phased out of 
service in favour of M46 medium tanks. The 
shift in emphasis is proved by the adoption of 
the AMX-13 light tank as part of the recon- 
naissance regiment's complement, providing 
this deep-probing element of the division with 
a lightly protected but moderately heavily 
armed and highly mobile vehicle for recon- 
naissance and tank destroying. In 1955 this 
tendency was taken one step farther with the 
turning of some divisions mobiles into divi- 
sions mécaniques rapides (fast mechanized 
divisions). Each of these divisions comprised 
one reconnaissance regiment with EBR 
4/8-wheeled armoured cars, two régiments 
inter-armes (all-arms regiments), one infantry 
regiment, one artillery regiment with single 
self-propelled 105-mm (4.13-in) howitzer and 


Undoubtedly the most 
successful operator of the 
Centurion has been the 
Israeli army, which has 
used the type's protection 
and firepower to engage 
Arab-operated tanks from 
hull-down positions of a 
number of tactical 
advantages. Surviving 
Centurions have been 
upgraded considerably 
and give far superior 
performance through the 
adoption of a diesel 
engine and new 
transmission. (Camera 
Press) 
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anti-aircraft artillery battalions, and an engin- 
eer battalion. The régiment inter-armes had 
been pioneered in the previous year within the 
experimental Javelot Brigade, and was a fixed 
grouping of one reconnaissance squadron 
with jeeps, two regiments of AMX-13s, two in- 
fantry companies mounted in tracked person- 
nel carriers, and one battery of 120-mm 
(4.72-in) mortars for heavy fire Support. The 
combination of the division mobile and division 
mécanique rapide was thought by the French 
to offer the right alarms blend. 

Just before the fall of France, designers had 
completed preliminary work on the ARL-40, a 
project originated in 1938 for a Char B1 suc- 
cessor, using the same hull but with the 
75-mm (2.95-in) gun located in the revolving 
turret, rather than in a limited-traverse hull 
mounting. During the war the design was 
modified and modernized at the Atelier de 
Construction de Rueil (ARL) with a different 
hull (retaining the Char B1's running gear and 
tracks) and a revised power-traversed 
Schneider turret accommodating a 90-mm 
(3.54-in) gun, and after the liberation this was 
placed in production as the Char de Transition 
ARL-44. The prototype appeared in 1946 as a 
48,000-kg (105,820-Ib) heavy tank with armour 
to a maximum thickness of 120 mm (4.72 in) 
and with a 700-hp (522-KW) Maybach petrol 
engine for a speed of 37 km/h (23 mph). In the 
event only 60 out of a planned 300 were built, 
and these served between 1947 and 1953, 


eventually being replaced, not by the proposed 
АМХ-50, but by US medium tanks, as France 
came to develop its own concept of combined- 
arms warfare and the new type of tank to go 
with it. 

The Char AMX-50 heavy tank was an in- 
teresting machine, with its hull and running 
gear modelled on those of the Panther, which 
was widely used by France after the war, with 
a wholly French turret. This was a fascinating 
oscillating unit mounting а 90-mm (8.54-in). 
then a 100-mm (3.94-in) and finally a 120-mm 
(4.72-in) main gun in the AMX-50, AMX-50A 
and AMX-50B variants respectively, Large- 
Scale production plans were laid, but the 


Char de Transition ARL-44 


(France) 


Type: heavy tank 

Crew: 5 

Combat weight: 48,000 kg (105,820 Ib) 
Dimensions: length, gun forward 10.52m 
(34.51 ft); width 3.40 m (11.15 ft); height 3.20 m 
(10.50 ft) 

Armament system: one 90-mm (3.54-in) gun and 
one 7.5-mm (0.295-mm) machine-gun 

Armour: 120 mm (4.72 in) maximum 
Powerplant: опе 522-kW (700-hp) Maybach 
petrol engine 

Performance: speed, road 40 km/h (24.9 mph); 
range, road 150 km (93 miles); gradient 50%; 
vertical obstacle 0.93 m (3.05 ft); trench 2.75 m 
(9.02 ft) 


ARL-44 


MÀ 
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availability of the M47 under the US Military 
Aid Program resulted in the cancellation of the 
production-standard AMX-50B, which had a 
weight of about 56,000 kg (123,457 Ib), was 
powered by a 1,000-hp (746-kW) petrol engine, 
was armoured to a maximum thickness of 
120 mm (4.72 in) and possessed a secondary 
armament of three 7.5-mm (0.295-in) machine- 
guns, two of them cupola-mounted for anti- 
aircraft defence. 

Thus the first French tank of wholly post-war 
design to enter production and service was the 
Char AMX-13 light tank, designed at the Atelier 
de Construction d'Issy-les-Moulineaux (AMX), 
but built first by the Atelier de Construction de 
Roanne before construction was transferred 
to Creusot-Loire at Chalon-sur-Saône. The 
AMX-13 is not currently being built, but produc- 
tion facilities remain in existence so that the 
total of some 4,500 chassis (including about 


Creusot.Loire AMX-13 Modéle 
1951/75 
(France) 


Type: light tank 

Crew: 3 

Combat weight: 15,000 kg (33,069 Ib) 
Dimensions: length, gun forward 6.36m 
(20.87 ft) and hull 4.88 m (16.01 ft); width 2.50 m 
(8.20 tt); height 2.30 m (7.55 ft) to commander's 
hatch 

Armament system: one 75-mm (2.95-in) GIAT rifl- 
‘ed gun with 37 rounds (in the hull and six in each 
‘of the two revolver cylinders of the automatic 
loading system), two 7.5- or 7.62-mm (0.295- or 
0.34п) FN1 machine-guns (one coaxial and one 
AA) with 3,600 rounds, and two smoke- 
dischargers on each side of the turret; the turret 
is hydraulically powered, the main gun is stabiliz- 
ed in neither elevation (—5* to +12.5°) nor 
azimuth (360°), and an optical fire-control system 
is fitted 

Armour: welded steel varying in thickness bet- 
ween 10 and 25 mm (0.39 and 1 in) 

Powerplant: one 186-kW (250-hp) SOFAM 8Gxb 
petrol engine with 480 litres (105.6 Imp. gal.) of 
fuel 

Performance: speed, road 60 km/h (37.3 mph); 
range, road 400 km (249 miles); fording 0.6 m 
(23.6 in); gradient 60% ; side slope 30% ; vertical 
obstacle 0.65 m (2.1 ft); trench 1.6 m (5.25 ft); 
ground clearance 0.37 m (14.6 in) 


AMX-13 


1,500 used for self-propelled artillery moun- 
tings and other specialized roles) can be sup- 
plemented if required. The origins of the 
AMX-13 lay with a 1946 requirement of the 
French airborne forces for a tank that could 
provide their forces with medium fire-support: 
the requirement therefore demanded a high- 


* velocity 75-mm (2.95-in) gun, air-portability 


and a maximum weight of 13,000 kg 
(28,660 Ib). This attractive combination of fea- 
tures appealed to the French army, which thus 
became the major operator of the resultant 
type for the reconnaissance and tank- 
destroying roles, and also to a number of ar- 
mies round the world, who appreciated the 
AMX-13's heavy firepower and modest cost. 
This latter combined with the vehicle's simpli- 
city and reliability to urge its purchase by ar- 
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One of the most 
successful tanks 
developed since the 
Second World War, the 
French AMX-13 light tank 
has been evolved through 
various marks with its 
innovatory oscillating 
turret. This is a vehicle 
fitted with a Fives-Cail 
Babcock turret and a 
105-mm (4.13-in) gun. 
(ECP Armées, France) 
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mies that were in the process of establishing 
armoured forces for the first time 

The prototype appeared in 1948, and reveal- 
ed its origins not only in its lightweight con- 
struction but also in its configuration and the 
use of a low-profile oscillating turret. The hull is 
of all-welded construction, using armour bet- 
ween 10 and 20 mm (0.39 and 0.79 in) thick, 
and is supported on each side by five road 
wheels with torsion bar suspension. The hull 
locates the driver (left) and engine (right) at the 
front, together with the transmission to the 
front drive sprockets; there are two or three 
track-return rollers on each side. This leaves 
the centre and rear of the hull for the Fives-Cail 
Babcock FL-10 turret, an oscillating type 
whose fixed lower portion (located on the tur- 
ret ring) has the trunnions that carry the oscil- 
lating upper portion together with the fixed gun 
plus. the commander (left) and gunner (right). 
Thus traverse is achieved hydraulically or 
manually by the complete turret, while eleva- 
tion between -5° and +12.5° is achieved 
hydraulically or manually by the upper portion 
This has the advantage of keeping down the 
overall height of the vehicle, and permits the 
use of an automatic loader for the main gun: 


this loading system occupies the turret bustle, 
and comprises in addition to the loader itself 
two six-round revolver magazines. After each 
round has been fired the spent case is ejected 
automatically, but once all 12 rounds have 
been fired the magazines have to be reloaded 
from outside the tank, using the tank's reserve 
supply of 25 rounds. The adoption of an 
automatic loader means that no tactical 
capability is lost in having only a three-man 
crew, which in turn allowed the designers to 
keep the tank smaller and lighter than would 
have been the case with a four-man crew. In 
addition to a 12.5-kg (27.55-Ib) HE round, the 
gun can fire a 14.4-kg (31.75-Ib) APC shell 
whose projectile leaves the muzzle at 1,000 m 
(3,281 ft) per second and can penetrate 
170mm (6.7 іп) of armour at 2,000m 
(2,185 yards). A variant of the AMX-13 intend- 
ed for North African operations had the FL-11 
turret with a manually loaded gun, and was 
distinguishable by its lack of a turret bustle. 
The next variant was fitted with the FL-12 
turret and its 105-mm (4.13-іп) САТ 
CN105/57, a rifled weapon designed to fire 
non-rotating rounds: the most important of 
these is the 17.3-kg (38.14-Ib) HEAT type, 
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whose 10.95-kg (24.14-Ib) projectile is launch- 
ed with a velocity of 800 m (2.625 ft) per 
second to penetrate 360 mm (14.17 in) of ar- 
mour at an angle of 0°, or 150 mm (5.91 in) of 
armour at an angle of 65°, regardless of 
range. In the early 1960s the French army 
adopted a version with the FL-10 turret 
modified to accept the 90-mm (3.54-in) GIAT 
CN90F3 gun. This has a thermal sleeve and a 
single-baffle muzzle brake, and can fire 
Canister, HE, HEAT and Smoke rounds: the 
most important anti-tank round is the 8.9-kg 
(19.62-Ib) HEAT type, whose 3.65-kg (8.05-Ib) 
projectile leaves the muzzle at 950 m (3,117 ft) 
per second to penetrate 320 mm (12.6 in) of 
armour at an angle of 0°, or 120 mm (4.72 in) 
of armour at an angle of 65? at any range. 
However, the pace of development in amuni- 
tion has been such that this 1950s' vintage 
weapon can fire the recent APFSDS round, 
whose fin-stabilized projectile can pierce a tri- 
ple target of 10-, 25- and 60-mm (0.39-, 0.98- 
and 2.36-in) armour at an angle of 60° at a 
range of 2,000 m (2,185 yards). Most older 
AMX-13s in French service were revised with 
the 90-mm (3.54-in) gun, but some retained the 
smaller gun and in recompense gained four 
SS.11 wire-guided anti-tank missiles, which 
were replaced in the late 1960s by six more 
advanced HOT anti-tank missiles. As noted 
above, the AMX-13 was used as the basis of a 
number of specialized vehicles, and such is 
the number still in service that several 
upgrade packages have been offered, these 
generally centering on replacement of the ori- 
ginal petrol engine with a more economical 
diesel, and the addition of a laser rangefinder. 

The only other nation in the Western 
alliance to develop new tanks in the second 
half of the 1940s and in the 1950s was in- 
evitably the USA, which unlike the USSR had 
ended the Second World War with a vast num- 
ber of vehicles designed largely in the early 
1940s and thus approaching obsolescence. 
The USA could therefore not allow any delay in 
the development of the new types, based 
largely on the few types that entered service 
late in the war, but revised in the light of ana- 
lysis of Second World War operations and the 
emergence of the USSR as the main threat. 
The older tanks found a ready home in the 


newly-created armoured forces of American 
allies all over the world, and the way was left 
clear for the quick adoption of a new genera- 
tion of armoured fighting vehicles. 

As far as organization was concerned, the 
Armored Force retained the 1943 armoured 
division with slight modification as the 1947 ar- 
moured division, whose establishment is de- 
tailed in the Appendix. The basic organization 
of the divisions was still into three combat 
commands (each comprising one medium 
tank battalion, one armoured infantry battalion 
and one battalion of 105-mm/4.13-in self- 
propelled howitzers), the additional heavy 
tank, armoured infantry and 155-mm (6.1-in) 
self-propelled howitzer battalions being alloc- 
ated by divisional headquarters as required. 
Subsequent thinking replaced the disliked 
heavy tank battalion with an additional 
medium tank battalion, allowing the creation 
of four combat commands, each of one me- 
dium tank and one armoured infantry battalion 
plus self-propelled howitzer support as dic- 
tated by divisional headquarters. 

The most important of the late-Second 
World War vehicles was the Heavy Tank M26 
Pershing, which was reclassified as a medium 
tank in May 1946 as part of the final American 
recognition that the wartime classification of 
vehicles as medium tanks for the 'maid-of-all- 
work’ roles, heavy tanks for the support role 
and tank destroyers for the tank-killing role, 
was spurious. The new medium tank 
classification used for the Pershing paved the 
way for what is now universally known as the 
main battle tank. 

In 1947 it was decided to modify the Per- 
shing to a more workmanlike standard, with 
the improved 90-mm (3.54-in) M3A1 gun in 
place of the original M3, and the 810-hp 
(604-kW) Continental AV-1790-5A petrol en- 
gine and Allison  cross-drive transmis- 
sion/steering in place of the original Ford GAF 
petrol engine with mechanical transmission 
and separate controlled-differential steering. 
In this guise the tank began to enter service in 
1948 as the Medium Tank M46 Patton. The 
Patton was planned as an interim type, pen- 
ding deliveries of a new medium tank based on 
the T42 development model, but this latter was 
still unavailable when the Korean War broke 
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An M46 medium tank of 
the 6th Medium Tank 
Battalion, US 24th 
Infantry Division, delivers 
the mail to front-line units 
in Korea during 
December 1951. (US 
Army) 


out in 1950, and the M26 and M46 therefore 
bore the brunt of operations in that war. 

In 1949 the US Army decided to develop a 
new series of tanks to replace all Second 
World War types and their derivatives still in 
Service. These were placed under develop- 
ment as the Light Tank T41, the Medium Tank 
T42 and the Heavy Tank T43. The makings of 
the T41 were available in the T37 light tank, 
whose design as a development model had 
been launched shortly after the Second World 
War. The T37 Phase | prototype with the 
76.2-mm (3-in) M32 gun was completed in 
1949, but already the T37 was involved in a 
development programme whose fruits were 
the T37 Phase |l, with a redesignated 
cast/welded turret, a new mantlet, revised am- 
munition stowage, and a fire-control system 
that integrated a coincidence rangefinder with 
a Vickers stabilizer for the gun mounting, and 
the T27 Phase III with an automatic loader for 
the main armament, and an IBM stabilizer for 
the gun mounting. The T37 Phase Il became 
the starting point for the T41, which was finally 
standardized in 1950 as the Light Tank M41 
Little Bulldog, though the name was subse- 

268 quently changed to Walker Bulldog in honour 


of the small but pugnacious US commander in 
Korea, who had been killed in 1951. Produc- 
tion began in 1950, and some 5,500 M41 
series vehicles were built before the produc- 
tion line closed 

In design, the M41 made full use of US com- 
bat experience in the Second World War, but 
is in many ways similar to the M24 it was 
designed to replace. The all-welded hull is 
divided into the standard three compartments, 
with the driver in the forward compartment, 
the commander, gunner and loader in the 
turret-basket assembly over the central com- 
partment, and the 500-hp (373-kW) Continental 
AOS-895-3 petrol engine in the rear compart- 
ment to power, via the cross-drive transmis- 
Sion, the rear drive sprockets. The running 
gear consists on each side of five road wheels 
with independent torsion bar suspension, and 
there are three track-return rollers and a front 
idler. The powered turret is mainly of cast con- 
struction with a welded roof and bustle, and 
accommodates the M32 unstabilized gun, 
which weighs 1,321 10 (599 kg) and has an 
overall length of 187 in (4.75 m), its L/52.1 bore 
firing the armour-piercing projectile with a 
muzzle velocity of 3,200 ft (975 m) per second 
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Later variants of the Walker Bulldog were the 
M41A1, M41A2 and M41A3 which differed 
only in detail, including an increase in main ar- 
mament stowage from 57 to 65 rounds. The 
last variants also had the AOSI-895-5 engine, a 
fuel-injected version of the standard unit. Sub- 
sequent variants were to have had a 90-mm 
(3.54-іп) ог even 105-mm (4.13-in) main gun, 
but these were not procured. Variants that did 
appear, however, were the M42 Duster with 
twin 40-mm anti-aircraft guns, the M44 
155-mm (6.1-in) self-propelled howitzer, the 
M52 105-mm (4.13-in) self-propelled howitzer 
and the M75 armoured personnel carrier. 

The M41 and its derivatives are still in exten- 
sive service, current update packages centr- 
ing on the engine and armament, for which a 
diesel and a 90-mm (3.54-in) weapon are 
offered, 

The T42 medium tank did not enjoy as suc- 
cessful a career, at least in so direct a fashion, 
as the M41. It had been realized from fairly 
early in the M26's life that the turret lacked the 
ballistic shaping to provide adequate protec- 
tion against the best anti-tank projectiles 
beginning to appear in the mid-1940s, and the 
T42 project was designed to remedy this defi- 
ciency. However, when the Korean War broke 
out, the hull of the T42 was still not ready for 
production and it was decided to produce 
another interim type by combining the hull of 
the M46 with the turret of the T42, complete 
with its 90-mm (3.54-in) M36 gun, to produce 
the M46A1 (converted models) and then the 


Light Tank M41 Walker Bulldog 
(USA) 


Type: light tank 

Crew: 4 

Combat weight: 51,800 Ib (23,496 kg) 
Dimensions: length, gun forward 26.92 ft 
(8.20 m) and hull 19.08 ft (5.82 m); width 10.50 ft 
(8.20 ft); height 10.08 ft (3.07 m) including AA 
machine-gun 

Armament system: one 76-mm (3-in) gun with 65 
rounds, one 0.5-in (12.7-mm) Browning machine- 
gun with 2,175 rounds and one 0.3-in (7.62-mm) 
Browning machine-gun with 5,000 rounds 
Armour: between 9.25 and 31.75 mm (0.35 and 
1.25 in) 

Powerplant: one 500-hp (373-kW) Continental 
AOS-895-3 petrol engine with 140 US gal. 
(530 litres) of fuel 

Performance: speed, road 45 mph (72.4 km/h); 
range, road 100 miles (161 km); fording 3.33 ft 
(1.02 m); gradient 60% ; side slope 30% ; vertical 
obstacle 2.33 ft (0.71 т); trench 6.0 ft (1.83 m); 


ground clearance 17.75 in (0.45 m) 


Medium Tank M47 Patton 1 (production 
models). The better turret shape further high- 
lighted the Americans’ fairly rapid move 
towards the Soviet pattern of battle tank with a 
more curvaceous turret located well forward 
on the tank in front of an extensive rear deck- 
ing: the increased length of current tank guns 
dictated that when the tank was out of combat 
the turret was generally traversed to the rear 
as a means of reducing the vehicle's overall 


M41 Walker Bulldog 
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M47 Patton 


| Medium Tank M47 Patton 1 


length. Despite its interim nature, the M47 was 
produced to the tune of 8,576 examples. Tho 
M36 gun was a fairly straightforward develop- 
ment of the M1 anti-aircraft gun and, at a 
weight of 2,652 Ib (1,203 kg) and overall length 
of 203.4 in (5.166 m), had an L/43.1 bore that 
fired the standard armour-piercing projectile. 
with a muzzle velocity of 2,700 ft (823 m) per 
second. 

The M47 began to enter service with the US 
Army in 1952, but as an interim type it did not 


(USA) 


Type: medium (battle) tank 

Crew: 5 

Combat weight: 101,775 Ib (46,165 kg) 
Dimensions. length, gun forward ` 28.08 ft 
(8.56 m) and hull 20.90 ft (6.37 m); width 10.50 ft 
(3.20 m); height 11.00 ft (3.35 m) including AA 
machine-gun 

Armament system: one 90-mm (3.54-in) gun with 
71 rounds, two 0.5-п (12.7-mm) Browning 
machine-guns with 3,440 rounds and one 0.3-in 
(7.62-mm) Browning machine-gun with 4,125 
rounds 

Armour: between 12.7 and 115 mm (0.5 and 
4.6 in) 

Powerplant: one 810-hp (604-kW) Continental 
AVDS-1790-5B petrol engine with 233 US gal. 
(882 litres) of fuel 

Performance: speed, road 30 mph (48.3 km/h); 
range, road 80 miles (128.75 km); fording 4.0 ft 
(1.22 т); gradient 60%; vertical obstacle 3.0 ft 
(0.91 m); trench 8.5 ft (2.59 m); ground clearance. 
12.8 іп (0.325 m) 


remain in service for particularly long. As soon 
аз supplies of M48 began to arrive In useful 
numbers, the M47 was withdrawn and realloc- 
ated to the USA's allies under the Military Aid 
Program. The tank is still in widespread ser- 
vice, and in many countries has been up- 
graded with a diesel powerplant and improved 
armament, the latter sometimes including the 
105-mm (4.13-in) M68 gun with a more modern 
fire-control system. 

Development of the Medium Tank M48 Pat- 
ton 2 began in October 1950 at the Detroit 
Arsenal, and as its name suggests, this is an 
evolutionary development of the M46 and 
M47. The first T48 prototype appeared in 
December 1951, and the type was ordered in- 
to production during the following March at 
two major construction facilities, some 11,700 
being built before production ended in 1959. 
The production commitment occurred at a 
time when the Americans were worried that 
the Korean War could escalate towards a third 
world war, and this demanded the rapid pro- 
duction of new battle tanks. However, when 
the tank began to reach service units in 1953 it 
became clear that the production decision had 
been reached too quickly, and most of the 
early M48s had to be virtually rebuilt in a costly 
programme to eliminate the mechanical 
teething problems that had not been obviated 
by the development programme. 

By comparison with the M47, the M48 in- 
troduced a cast hull and a cast turret of rev- 
ised shape, for a vehicle that is slightly shorter, 
wider and lower than its predecessor. The 
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An M47 Patton 1 of the 
Italian army reveals the 
type's basic similarity to 
the M26, from which it 
inherited the hull in 
combination with the 
T26's turret and a 90-mm 
(3.54-in) gun. (Italian 
Army) 


Below Generally evident 
in photographs of main 
battle tanks firing their 
main armaments is the 
low angle of elevation 
normal for such activities: 
this reflects the high 
velocity of the projectile 
and the short range of 
most tank-against-tank 
engagements. This is an 
M47 Patton 1 of the US 
2nd Armored division on 
manoeuvres in West 
Germany during 1955 
(US Army) 
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Though still in limited 
service and subject to a 
number of update 
programmes, the M47 
Patton 1 has always been 
identifiable as a product 
of Second World War 
design philosophies with 
its high layout and 
comparatively simple 
armament configuration. 
(Belgian Defence Ministry) 
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same engine and transmission are used, but 
despite a 2,225-Ib (1,009-kg) increase in com- 
bat weight compared with the M47, the M48 is 
Slightly faster. But the M48 resembles the M47 
in possessing the wholly inadequate range of 
70 miles (113 km) on its 200-US gal. (757-litre) 
internal fuel capacity. The running gear com- 
prises, on each side, six road wheels with in- 
dependent torsion bar suspension, between 
three and five track-return rollers depending 
on variant, a rear drive sprocket and a front 
idler; there is also a small track-tensioning 
wheel behind the rear road wheel on some 
variants. The capability of the anti-tank 
weapons of the 1950s is reflected in the ar- 
mour thicknesses, which vary from а minimum 
of 25mm (0.98in) to maxima of 110mm 
(4.33 in) on the hull and 120 mm (4.72 in) on 
the turret fronts. 

The baseline M48 was followed by the 
M48A1 with detail improvements, the M48A2 
with a fuel-injected engine with 335 US gal. 
(1,268 litres) of fuel for a range of 160 miles 
(258 km) and a speed of 30 mph (48.2 km/h), 
rather than 26 mph (41.8 km/h), the M48A3 
(rebuilt M48A1 and M48A2) with the 750-hp 
(559-kW) AVDS-1790-2A diesel engine with 
375 US gal. (1,420 litres) of fuel for a range of 


288 miles (463 km), and the M48A5 (rebuilt 
M48A1 and M48A3) with the host of im- 
provements pioneered on other models and a 
105-mm (4.13-in) L68 main gun. Like other bat- 
tle tanks of its period, the M48 was suc- 
cessively improved with operational additions 
such as infra-red lights and upgraded fire- 
control systems. In more recent years, several 
manufacturers in the USA and elsewhere have 
offered upgrade packages including a modern 
diesel engine, a 105-mm (4.13-in) gun and 
other advanced features. The M48 series has 
also been used as the basis for many speciali- 
zed vehicles, such as the M67 flamethrower 
and M48 armoured vehicle-launched bridge, 
and in both its standard and modernized ver- 
sions is likely to remain in service with US 
allies for some years to come. 

By the mid-1950s the M48 was maturing in- 
to a powerful battle tank, but in 1956 it was 
decided to press ahead with the development 
of an M48 derivative with greater firepower, 
superior mobility, better reliability and en- 
hanced range. Greater firepower and superior 
mobility were clearly desirable in a tank whose 
primary object was to tackle and defeat main 
battle tanks of the type epitomized all too 
capably by the Soviet T-54 and T-55 series with 
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their 100-mm (3.94-in) L/54 guns, while better 
reliability and enhanced range offered signifi- 
cant battlefield advantages at all operational 
levels. The Americans had previously been 
comparatively unworried by deficiencies in 
range and, to a lesser extent, reliability: in the 
Second World War they had deployed so large 
a logistical back-up capability that any such 
shortfalls in their tanks did not seriously affect 
the tempo of operations. But the changing 
nature of warfare persuaded the Americans by 
the mid-1950s that greater unrefuelled range 
(and thus a greater reliability) were required, 
for it could no longer be guaranteed that these 
services could be made constantly available 
to front-line forces in the type of fluid warfare 
that seemed most likely. 

The hull and running gear of the M48 were 
deemed more than adequate as the basis of 
the new tank, which was thus an evolutionary 
development rather than a completely new 
design, with all the financial advantages and 
low technical risks of such a concept. In 
November 1956, therefore, an M48 hull was 
re-engined with the AVDS-1790-P diesel 
engine, and this was extensively tested with 
highly successful results during the next 
months. In February 1958 the concept was 


taken a step further, when three M48A2s were 
re-engined with the diesel powerplant as the 
prototypes for the XM60 series, and these 
were extensively and again successfully 
tested under a whole range of operational 
climatic and geographical conditions. 

The final part of the improvement package 
over the M48 rested with the new tank's 
firepower, which had to be markedly superior 
to that of the 90-mm (3.54-in) M41 L/48 gun of 
the M48 series, and in October and November 
1958 a number of candidate weapons were 
trialled, before the decision was made in 
favour of the 105-mm (4.13-in) M68 that com- 
bined the barrel of the British L7 with an 
American breech. Work had been developing 
on the refinement of the complete package, 
and the selection of the main armament al- 
lowed the Main Battle Tank M60 to be 
standardized in March 1959, with the initial 
production contract let to the Chrysler Cor- 
poration in June 1959 for 180 examples of the 
M60 to be built at the Delaware Defense Plant, 
though production later switched to the Detroit 
Tank Plant, which then became the USA's only 
major tank production facility. 

The inherent limitations of this system are 
revealed by the USA's attempts to increase 


An M48 Patton 2 tank on 
the driver training course 
at Fort Benning, Georgia 
(US Army) 
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Chrysler (General Dynamics) M48A5 
Patton 2 
(USA) 


Туре: main battle tank 

Crew. 4 

Combat weight: 108,000 Ib (48,989 kg) 
Dimensions: length, gun forward 30.53 ft 
306m) and hull 20.06 ft (6.419 т); width 
11.91 ft (3.63 m); height 10.12 ft (3.09 m) 
Алтатет: one 105-mm (4.13-in) M68E1 rifled 
gan with 54 rounds, three 7.62-mm (0.3-in) M60D 
machine-guns (one coaxial and two AA) with 


| 20.000 rounds, and smoke-dischargers; the type 
| cenaiso generate smoke by injecting fuel into the 


exhaust system; the turret is electro-hydraulically 
powered, the main gun is stabilized in neither 
vation (— 90° to + 19°) nor azimuth (360°), 
and an optical fire-control system is fitted 
Алтюш. welded and cast steel varying in 
Nwckess between 0.5 and 4.72 in (12.7 and 
120mm) 

Powerplant. one 750-bhp (559 kW) Teledyne 
Goesnental Motors AVDS-1790-2A/D diesel 
snae with 375 US gal (1420 litres) of fuel 
Fedioemance- speed, road 30 mph (48.3 km/h); 
mange, foad 310 miles (499 km); fording 4.0 ft 
91.22 mi without preparation and 8.0 ft (2.44 m) 
wm preparation; gradient 60%; side slope 30%; 
weca] obstacle 3.0 ft (0.91 m); trench 8.5 ft 
12:58 mi ground clearance 16.5 in (0.39 m) 


the rate of tank production in the 1970s: this 
was a period when the US Army realized that 
its tank stocks were too low, especially when it 
was faced by demands for replacement 
vehicles from Allies such as Israel which suf- 
fered severe M60 losses in the 1973 Yom Kip- 
pur War. The limitation that most affected 
M60A1 production in this period was the time 
needed to produce large castings of the type 
used in the M60's hull and turret. By 1975 the 
production rate had risen from the initial 30 to 
a better 48 tanks per month, thereafter climb- 
ing slowly to a maximum of 129 tanks deliv- 
ered in October 1978, a rate maintained only 
until April 1979, when production slowed 
towards 50 vehicles per month in the summer 
of 1980. Production continued into mid-1985, 
when the M60 production line was closed after 
the delivery of slightly more than 15,000 
vehicles for the US and export markets. Build- 
ing rates and overall production figures com- 
pare most unfavourably with those for the 
Soviets' main battle tanks. 

The M60 began to enter service with the US 
Army in 1960, and in numerical terms remains 
the most important US tank, though it has 
been supplemented during the 1980s by the 
M1 Abrams, which will eventually supplant the 
M60 fleet in its entirety. The initial M60 variant 


The M60 was essentially 
the M48 with its turret 
revised for the British- 
designed 105-mm (4,13-in) 
gun produced in the USA 
with modification as the 
M68. (MARS) 
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An M60A1 battle tank 
moves up past a group of 
M113 halftracks. (US 
Army) 


weighed 102,000 Ib (46,267 kg), and with a 
750-hp (559-kW) AVDS-1790-2A diesel plus 
385 US gal. (1,457 litres) of internal fuel at- 
tained a maximum speed of 30mph 
(48.3 km/h) and maximum range of 310 miles 
(499 km). The M60 can be regarded only as an 
interim model, for it retained the basic turret of 
the M48, that was recognized as failing to pro- 
vide adequate levels of ballistic protection. In 
October 1962, therefore, the M60 was replac- 
ed in production by the M60A1 with the new 
'needle-nosed' turret that offered not only 
superior ballistic protection, but also greater 
internal volume. This helped to modify the 
main armament's ammunition stowage from 
60 to 63 rounds, and just as importantly, to in- 
crease its elevation arc from the range bet- 
ween -9° and + 20° in the M60 to the range 
between -10° and +20° in the M60A1. The 
modified turret also alters the ammunition 
capacities for the 7.62-mm (0.3-in) coaxial and 
0.5-in (12.7-mm) anti-aircraft machine-guns, 
the latter located in a trim commander's 
cupola with 360° traverse and excellent fields 
of vision, from 5,950 and 600 rounds respec- 
tively to 5,500 and 1,040 rounds respectively. 
The overall weight of the M60A1 is 108,000 Ib 
(48,989 kg), but the engine and performance 
remain unaltered, despite a fractional reduc- 
tion in fuel capacity. 

The M60A1 was the initial definitive produc- 


General Dynamics M60A1 


(USA) 

Type: main battle tank 

Crew: 4 

Combat weight: 116,000 Ib (52,618 kg) 
Dimensions: length, gun forward 30.96 ft 


(9.436 m) and hull 2279ft (6.946 m): width 
11.91 ft (3.631 m); height overall 10.73 ft (3.27 m) 
Armament system: one 105-mm (4.13-in) M68E1 
rifled gun with 63 rounds (26 in the hull and 37 in 
the turret), one 7.62-mm (0.3-in) M240 coaxial 
machine-gun with 5,950 rounds, one 0,5-in 
(12.7-mm) M85 AA machine-gun with 940 rounds, 
and six smoke-dischargers on each side of the 
turret; the type can also generate smoke by injec- 
ting fuel into the exhaust system; the turret is 
electro-hydraulically powered, the main gun is 
stabilized in elevation (—10? to 1 20%) and 
azimuth (360°), and an advanced optical fire- 
control system is fitted; this last combines 
day/night optical sights, a laser rangefinder, 
various sensors and a ballistic computer 
Armour: cast and welded steel 

Powerplant: one 750-bhp (559-kW) Teledyne 
Continental Motors AVDS-1790-2A diesel 
engine with 375 US gal (1,420 litres) of fuel 
Performance: speed, road 30 mph (48.3 km/h); 
range, road 300 miles (483 km); fording 4.0 ft 
(1.22 m) without preparation and 8.0 ft (2.44 m) 
with preparation; gradient 60% ; side slope 30%; 
vertical obstacle 3.0 ft (0.91 т); trench 8.5 ft 
(2.59 т); ground clearance 18.25 in (0.46 m) 
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tion model, and was made of large castings 
welded together to create the hull and turret. 
The driver is located in the forward compart- 
ment, while the commander, gunner and 
loader occupy the turret/turret basket arrange- 
ment located centrally over the hull with an 
electro-hydraulic/manual traverse system. 
The engine and transmission are in the rear 
compartment, driving rear sprockets for the 
tracks that run round an arrangement on each 
side of a front idler, six dual rubber-tyred road 
wheels with independent torsion bar suspen- 
Sion, and between three and five track-return 
rollers, depending on specific variant. There is 
no stabilization system for the gun in either 
elevation or azimuth, but the necessities of 
modern war are reflected in the provision of 
night-vision equipment and, most importantly 
of all, a central filtration system that supplies 
air cleaned of NBC (nuclear, biological and 
chemical) warfare agents to the four crew 
members via individual tubes. The require- 
ments of independent operations are further 
reflected in the provision of dozer blade at- 
tachments for the preparation of fire positions, 
and in the provision of deep-wading capability: 
4 ft (1.22 m) without preparation, 8 ft (2.44 m) 
with preparation and 13.5 ft (4.11 m) with a 
detachable snorkel attached to the com- 
mander's cupola. 

The M60 was still at a comparatively early 
Stage of its career, which has seen develop- 
ment right up to the present, but as its basic 
design lies with the philosophies of the 1950s, 
it is worth treating the tank's complete history 
here, rather than dividing it in separate sec- 
tions for treatment in different chapters. 


M551 Sheridan 


At much the same time that the m68 gun 
was being developed and accepted, tho US 
Army was considering alternative anti-tank 
weapons for future armoured fighting 
vehicles, and decided that a surer method of 
defeating modern armour might lie with the 
guided missile, and this resulted in the devel- 
opment by Philco-Ford of the MGM-51 
Shillelagh tube-launched missile for use by the 
M551 Sheridan, often called a light tank, 
though the US Army is right to designate it a 
reconnaissance vehicle. The missile was 
designed to be fired from a 152-mm (6-in) 
gun/launcher, and was 45.5 in (1.155 m) long 
with its solid-propellant rocket that burned for 
1.18 seconds to provide an effective range of 
2,500 yards (2,285 m). The missile weighed 
59 Ib (26.76 kg). and after leaving tho gun/laun- 
cher deployed its control surfaces for guid- 
ance by an infra-red system that required the 
gunner merely to keep the crosshairs of his 
Sight centred on the target until the missile im- 
pacted and the HEAT warhead detonated. 
Considerable development problems were en- 
countered with the missile and also with the 
ammunition designed for use with the same 
gun/launcher. This ammunition used a semi- 
combustible cartridge case, and was available 
in HEAT, White Phosphorus and Canister va- 
rieties. 


M551 Sheridan 
(USA) 


Type: reconnaissance and anti-tank vehicle (light 
tank) 

Crew: 4 

Combat weight: 34,898 Ib (15,830 kg) 
Dimensions: length overall 20.67 ft (6.30 m); 
width 9.25 ft (2.82 m); height 9.67 ft (2.95 m) 
Armament system: one 152-mm (6-in) combined 
gun/missile launcher with 20/8 rounds, one 0.5-in 
(12.7-mm) Browning machine-gun with 1,000 
rounds, one 7.62-mm (0.3-in) machine-gun with 
3,000 rounds, and two quadruple smoke- 
dischargers 

Armour: not revealed 

Powerplant: one 300-hp (224-kW) Detroit Diesel 
6V-53T diesel engine 

Performance: speed, road 45 mph (72.4 km/h); 
range, road 373 miles (600 km); gradient 60%; 
Side slope 30%; vertical obstacle 2.75ft 


(0.84 m); trench 8.33 ft (2.54 m) 
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It was decided to instal the same gun/laun- 
cher in an M60 variant with 13 missiles and 33 
conventional rounds of ammunition. This 
м aes was developed in 1964 and 
1965 forts production debut in 1966: some in- 
dication of the gun/launcher and ammuni- 
tion/missile development problems can be 
gained from the facts that the first M60A2 unit 
became operational only in 1972, and that 
total M60A2 production was a mere 526 
vehicles, which have now been withdrawn for 
conversion, as required, in specialized 
derivatives of the M60 series such as the M60 
Armoured Vehicle-Launched Bridge and M728 
Combat Engineer Vehicle. 

Service experience with the M60 and 
M60A1 had meanwhile suggested a number of 
ways in which the basic tank could be up- 
graded mechanically, and a number of retrofit 
packages were developed. The most signifi- 
cant of these are the so-called RISE (Reliability 
Improved Selected Equipment) modification of 
the engine, two-axis stabilization for the main 
armament, an upgraded fire-control system 
and improved night-vision equipment. These 
and other modifications are the hallmarks of 
the final variant, the M60A3, that is in essence 
a product-improved M60A1 that began to 
enter production in February 1978. New-pro- 


duction examples are complemented in ser- 
vice by M60A1 retrofitted to virtually the same 
standard with items such as a thermal sleeve 
to reduce main armament barrel distortion 
caused by differential heating, a top-loading 
air cleaner, and passive night-vision devices. 

The M60A3 incorporates all of these 
features, as well as British-type smoke- 
dischargers on each side of the turret, an 
engine smoke generator, an automatic engine 
fire-extinguishing system, and a much im- 
proved fire-control system. This last was 
developed by Hughes with a laser rather than 
optical rangefinder and a solid-state digital 
rather than mechanical analog computer. The 
laser rangefinder is more accurate than the 
Optical type, and works instantly, while the 
computer stores information about a max- 
imum six types of ammunition and is 
automatically fed with information from the 
laser rangefinder, traversing/elevating rate 
subsystem, crosswind sensor and cant sen- 
sor, leaving the gunner to enter values for air 
temperature, pressure altitude and (in event of 
laser failure) range. This allows the generation 
of a high-quality fire-control solution for the 
engagement of targets with a high probability 
of a hit even when the tank is moving. The fire- 
control system also possesses a self-test sub- 


The M60A2 was the 
variant of the US Army's 
main battle tank carrying 
the Launcher for 
Shillelagh missiles and 
conventional ammunition 
but, like the M551 
Sheridan light tank, 
proved inadequate for 
effective operational 
service. (Chrysler 
Corporation) 
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M60A3 battle tanks of the 


Israeli army begin their 
evacuation of Sinai in 
1975, a token of their 
desire to reach a 
permanent accord with 
Egypt. (Camera Press) 


Far right А monster 
past its time, the M103 
heavy tank was a 
thoroughly unsatisfactory 
vehicle, even after an 
extensive development 
programme, and was ill- 
Suited to the needs of the 
US Marine Corps. (US 
Army) 
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System: if the system becomes inoperative, 
manual inputs can be used for insertion of rele- 
vant data. From 1980 the system has been fur- 
ther upgraded with the Tank Thermal Sight 
System, which uses Texas Instruments infra- 
red equipment to provide the ability to fight at 
night and in smoke against targets that cannot 
be effectively disguised by ground cover. 

An interesting defensive feature developed 
by Israel Military Industries and now being 
widely copied on main battle tanks of both 
power blocs is reactive armour. This was de- 
veloped by IAI as the Blazer system, and com- 
prises shaped blocks of explosive bolted to the 
outside of the tank in vulnerable spots: the ex- 
plosive is triggered by the formation of a HEAT 
warhead's penetrating jet of vaporized metal 
and superhot gas, its explosion disrupting the 
jet and so preventing a catastrophic penetra- 
tion of the defended tank's main armour. Israel 
is the M60 operator with greatest operational 
experience of the tank in modern battlefield 
conditions, and the overall success of the type 
in Israeli hands is striking evidence of its 
capabilities. Like British tanks, the M60's suc- 
cess rests mainly with its good protection and 
firepower, though some reservations have 
been expressed about mobility and the M60’s 
high silhouette, a factor exacerbated by the 
substantial commander's cupola. 

The heavyweight companion to the M41 


light and M60 medium (now main battle) tanks 
was the Heavy Tank M103. After the Second 
World War, the US Army continued trials with 


Heavy Tank M103 
(USA) 


Type: heavy tank 
Crew: 5 

Combat weight: 125,000 Ib (56,700 kg) 
Dimensions: length, gun forward 37.375 ft 
(11.39 т) and hull 33.17 ft (10.11 т); width 
12.33 ft (3.76 т); height overall 11.67 ft (3.56 т) 
Armament system: one 120-mm (4.72-п) M58 
U60 rifled gun with 38 rounds, one 0.3in 
(7.62-mm) Browning M37 or M1919A4 coaxial 
machine-gun with 5,250 rounds, and one 0.5-in 
(12.7-mm) Browning M2HB AA machine-gun with 
1,000 rounds; the turret was electrically 
operated, the main gun was stabilized in neither 
elevation (— 8° to + 15°) nor azimuth (360°), and 
an optical fire-control system was fitted 

Armour: cast and welded steel varying in 
thickness between 12.7 and 178mm (0.5 and 
7 in) 

Powerplant: one 810-hp (604-kW) Continental 
AV-1790-5B or — 7C petrol engine with 268 US 
gal (1,014.5 litres) of fuel 

Performance: speed, road 21 mph (33.8 km/h); 
range, road 80 miles (128.75 km); fording 4.0 ft 
(1.22 m) without preparation and 8.0 ft (2.44 m) 
with preparation; gradient 60% ; vertical obstacle 
3.0 ft (0.91 m); trench 7.5 ft (2.29 т); ground 
clearance 15.5 in (0.39 m) 
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the prototypes of the comparatively large 
number of heavy tanks developed in the clos- 
ing stages of that war, but in 1947 decided to 
concentrate its efforts on a new T43 develop- 
ment model with a weight of 120,960 Ib 
(54,867 kg), a maximum armour thickness of 
127 mm (5 in),an 800-hp (596-kW) engine for a 
speed of 20 mph (32.2 km/h, and a 120-mm 
(4.72-in) gun as main armament. The urgency 
attached to the programme was at first low, 
the US Army having already decided that the 
heavy tank was not ideally suited to its opera- 
tional concepts. But it was felt that a useful 
purpose would be served by producing an 
American counter to the Soviet IS-3 (in much 
the same way that the British. decided to 
develop the Conqueror), and the so-called 
‘Cold War’ at the time of the Soviet blockade of 
Berlin in 1948 inspired a higher level of urgen- 
cy and, indeed, a rather too hasty develop- 
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ment of so large a vehicle. The first two T43 
prototypes appeared in 1948, and these were 
followed by four Т43Е1 prototypes, which 
marked the standard approved for production 
after the beginning of the Korean War in 1950, 
when 200 T43E1s were ordered from Chrysler. 

The cast hull was basically that of the M48 
lengthened by the addition of an extra track- 
return roller and two road wheels on each side, 
and the turret was a very large cast unit that 
accommodated a crew of four (commander 
located immediately behind the gun, gunner 
and two loaders) and the massive 120-mm 
(4.72-in) M58 gun, an L/60 weapon for which 
38 rounds were provided. The capabilities of 
this weapon are indicated by provision of three 
Sight systems: direct sighting via rangefinder 
and periscopic’ sight, direct sighting via 
telescopic sight, and indirect sighting via 
azimuth indicator and gunner's quadrant. An 
analog mechanical computer was used for 


solution of the fire-control problem 

The T43E1 was built between 1952 and 
1954, and standardized as the M103 in 1953. 
The vehicle was armoured to thicknesses bet- 
ween 12 and 178 mm (0.47 and 7.12 in) and 
therefore weighed 125,000 Ib (56,700 kg). It 
was underpowered to a serious degree and so 
lacked mobility: the engine and transmission 
combination originally designed for the 
101,775-b (46,165-kg) M47 was also over- 
Stressed, and the result was an abysmal level 
of mechanical reliability. Some 150 im- 
provements were required on each vehicle to 
produce a battleworthy but indifferent tank, 
and it was 1957 before the type was finally 
Cleared for service as the M103A1, which was 
soon replaced by the M60. The other main 
operator of tho type was thc US Marine Corps, 
which used 156 M103A2 tanks, produced by 
converting surplus M103A1s with 
AVDS-1790-2AD diesel engines. Given the 
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weight and size of the M103 series, its alloca- 
tion to the US Marine Corps seems odd, for 
that service's logistica! capabilities would 
have been more than severely taxed by trying 
to field the M103 in amphibious assault opera- 
tions. 


The only other Western nation to develop an 
indigenous tank in the 1950s was Switzerland, 
a country with a long record of tank operation, 
though until the development of the first Swiss 
tank in the 1950s, these had all been imported 
or licence-built machines. The Swiss tank arm 
had been formed in 1919 with Renault FT-17 
light tanks, supplemented in the mid-1930s by 
a very small number of Carden-Loyd tankettes 
andin the late 1930s by a number of TNH light 
tanks from Czechoslovakia, assembled in 
Switzerland with Swiss engines and arma- 
ment. During the Second World War, in which 
the country remained firmly neutral, the in- 
digenous NK | self-propelled 75-mm (2.95-in) 
anti-tank gun and NK II 75-mm (2.95-in) assault 
gun were designed, though neither entered 
production. Between 1947 and 1952 some 150 
Jagdpanzer 38(t) Hetzer self-propelled anti- 
tank guns were procured from Czechos- 
lovakia, remaining in service until 1974. These 
were bolstered by about 200 AMX-13 light 
tanks, which remained in service up to 1981 


with the local designation Leichte Panzer 51, 
plus 300 Centurion battle tanks, which remain 
in service with the local designations Pz 55 
(Centurion Mk 5) and Pz 57 (Centurion Mk 7). 
However, from the early 1950s the Swiss 
made determined efforts to produce an in- 
digenous battle tank, and this resulted in the 
KW 30 prototype that appeared in 1958 with a 
Swiss-designed 90-mm (3.54-in) main gun and 
Belleville washer suspension for its arrange- 
ment of six road wheels on each side. The KW 
30 was joined by a similar prototype in the 
following year, and then by 10 examples of the 
Pz 58 pre-production version with the British 
20-pdr (83.4-mm/3.28-in) gun. But the pace of 
tank development in this period was unrelen- 
ting, and the Pz 61 production model that 
began to enter service in 1965 mounted a 
British 105-mm (4.13-in) L7 gun. This model 
had a cast hull and turret, each an impressive 
single-piece casting, and weighed 38,000 kg 
(83,774 10). Power was provided by 630-hp 
(470-kW) MTU MB 837 diesel, which allowed 
for a maximum speed of 50 km/h (31.1 mph) 
anda range of 300 km (186 miles) on 760 litres 
(167 Imp. gal.) of fuel. 

After 150 Pz 61s, the production line switch- 
ed to the improved Pz 68, which first appeared 
in 1968 and was then built to the extent of 170 


An unusual feature of the 
Pz 61 as built was its 
20-mm coaxial cannon, 
replaced in the AAO 
version with a 7.5-mm 
(0.295-in) machine-gun. 
(Swiss Federal 
Construction Works, 
Thun) 


Farleft Notable on this 
Pz 57 (Centurion Mk 7) of 
the Swiss army are the 
turret bustle for the radio 
equipment, the turret side 
panniers, and the 
sextuple dischargers for 
smoke grenades on the 
turret front. (Swiss Army) 
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The Swiss Pz 61 tank has 
comparatively modern 
armament, but is in many 
respects typical of the 
tank technology of the 
late 1940s and early 
1950s. (Eidgenössische 
Konstrucktionswerkstatte, 
Berne) 
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tanks. This model is similar to the Pz 61 in all 
essential details but the addition of a two-axis 
stabilization system for the main gun, and a 
650-hp (485-kW) MB 837 diesel for superior 
performance, including a speed of 55 km/h 
(34.2 mph) despite an increase in weight to 
39,700 kg (87,522 Ib). Gun-armed variants of 
this initial model, which was redesignated the 
Pz 68 Mk 1 when the later variants appeared, 
are the Pz 68 Mk 2 with a thermal sleeve for 
the main armament (50 built) and Pz 68 Mk 3 
based on the Mk 2 but with a larger turret (110 
built) and the Pz 68 Mk 4 based on the Mk 3 (60 
built). There are also armoured recovery and 
armoured vehicle-launched bridge versions of 
the Pz 68, which may be summarized as an 


enterprising but not altogether successtul ate 
tempt to break into main battle tank design and 
construction. The protection is only modest, at 
thicknesses varying from 20 to 60 mm (0.79 to 
2.36 in), the armament is in itself adequate but 
let down by lack of any type of stabilization 
System, and the type lacks features, such as 
an NBC system, that are now judged essential, 

On the other side of the Iron Curtain all tank 
development was concentrated in Soviet 
hands, and pressed ahead with an almost 
monomaniacal intensity on the basis of late 
Second World War developments. As noted in 


Pz 68 Mk 2 
(Switzerland) 


Type: main battle tank 
Crew: 4 

Combat weight: 39,700 kg (87,522 Ib) 
Dimensions: length, gun forward 9.49m 
(31.14 ft) and hull 6.98 m (22.90 ft); width 3.14 m 
(10.30 ft); height 2.75 m (9.02 ft) to top of com- 
mander's cupola 

Armament system: one 105-mm (4.13-in) gun 
with 56 rounds, two 7.5-mm (0.295-in) machine- 
guns with 5,400 rounds, and two triple smoke- 
dischargers 

Armour: between 20 and 60mm (0.79 and 
2.36 in) 

Powerplant: one 492-kW (660-hp) MTU MB 837 
diesel engine with 710 litres (156 Imp. gal.) of fuel 
Performance: speed, road 55 km/h (34 mph); 
range, road 350 km (217 miles); fording 1.1m 
(3.6 ft) without preparation and 2.3 m (7.5 ft) with 
preparation; gradient 70% ; side slope 30% ; ver- 
tical obstacle 1.0 m (3.28 ft); trench 2.6 m (8.5 ft); 
ground clearance 0.41 m (16 in) 


Pz68 Mk2 === 
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the previous chapter, the two most important 
types in Soviet service at the end of the Se- 
cond World War were the T-34/85 medium 
tank and IS-3 heavy tank, which were deemed 
adequate for first-line service through the rest 
of the decade. But the Soviets were not con- 
tent to rest on their laurels, and a classic new 
tank was developed from the T-44 medium 
tank that was built in small numbers during 
1945 and 1946, but proved mechanically 
unreliable. This was the T-54 main battle tank, 
which appeared in prototype form during 1946 
and entered production at Kharkov in 1947 for 
Service in 1949 or 1950. The T-54 and its Main 
Battle Tank T-55 derivative were built in larger 
numbers than any other tank of the post-war 
period, and it is estimated that before produc- 
tion ceased in 1981, more than 50,000 ex- 
amples had come off the main production 
lines in Kharkov and Omsk in the USSR, and 
off other lines in China (as the Type 59), 
Czechoslovakia and Poland. 

The hull of the T-54 is made of welded ar- 
mour, and varies in thickness between 20 and 


99 mm (0.79 and 3.9 in). The sides are vertical, 
but the front is well angled, the lower plate at 
55? and the upper plate at 58°. The driver is 
seated in a forward compartment on the left; 
there is a fixed 7.62-mm (0.3-in) machine-gun 
for use by the driver. To the driver's right, in- 
stead of the bow machine-gun and its gunner 
of earlier tanks, are main armament ammuni- 
tion stowage, the vehicle's batteries and a 
modest quantity of fuel. At the rear of the vehi- 
cle is the compartment for the 520-hp 
(388-kW) V-54 diesel engine and transmission, 
which drive the tracks via rear sprockets. The 
running gear is of well proved torsion bar type 
with five unequally spaced road wheels on 
each side; there are no track-return rollers, 
and the idlers are at the front. This overall ar- 
rangement leaves the centre of the vehicle for 
the fighting compartment, whose elegantly 
shaped turret had a manual traverse system in 
early models. The turret is a single casting with 
a welded two-piece roof and a rotating floor 
rather than a turret basket, and accom- 
modates in somewhat cramped conditions the 


The Pz 68 Mk 3 has the 
same armament as the 
Mk 2 tank, but this is 
fitted in a larger and 
ergonomically superior 
turret. (Swiss Federal 
Construction Works, 
Thun) 
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T-44/100 
(USSR) 


Type: medium tank 
Crew: 4 

Combat weight: 34,550 kg (76,168 Ib) 
Dimensions: length, gun forward 8.08 т 
(26.51 ft) and hull 6.05 m (19.85 ft); width 3.10 m 
(10.17 ft); height 2.40 m (7.87 ft) 

Armament system: one 100-mm (3.94-in) gun 
with 34 rounds and three 7.62-mm (0.3-іп) DT 
machine-guns with 1,890 rounds 

Armour: between 20 and 120mm (0.79 and 
4.72 in) 

Powerplant: опе 381.75-kW (512-hp) V-2-44 
diesel engine with 1,035 litres (228 Imp. gal.) of 
fuel 

Performance: speed, road 51.5 km/h (32 mph); 
range, road 300 km (186 miles); fording 1.3m 
(4.3 ft); gradient 30°; vertical obstacle 1.0m 
(3.28 ft); trench 2.5 m (8.2 ft); ground clearance 
0.5 m (197 in) 


commander, gunner and loader together with 
the 100-mm (3.94-in) D-10T gun. 

The gun was developed from a high-velocity 
naval weapon, and at a weight of 1,948 kg 
(4,294 Ib) has an overall length of 5.608 m 
(220.79 in). The gun has an L/54 bore that fires 
a variety of projectiles including a 15.69-kg 
(34.59-Ib) AP projectile with a muzzle velocity 
of 1,000 m (3,281 ft) per second to penetrate 
150 mm (5.91 in) of armour at an angle of 0° at 
a range of 1,000 m (1,095 yards), or a 16-kg 
(35.27-Ib) APC projectile with a muzzle velocity 
of 1,000 m (3,281 ft) per second to penetrate 
185 mm (7.28 in) of armour at an angle of 0? at 


1,000 m (1,095 yards). These initial anti-tank 
rounds were complemented by HE and FRAG- 
HE projectiles, and later joined by more ad- 
vanced anti-tank projectiles: the 12.36-kg 
(27.2546) HEAT-FS projectile has a muzzle 
velocity of 900 m (2,953 ft) per second and can 
penetrate 380 mm (14.96 in) of armour at an 
angle of 0° at any range, while the 5.69-kg 
(12.5446) HVAPDS projectile has the high 
muzzle velocity of 1,415 m (4,642 ft) per se- 
cond and can penetrate 200 mm (7.87 in) or 
more of armour at an angle of 0? at a range of 
1,000 m (1,095 yards). 

The D-10T is still a useful weapon, but in the 
T-54 is now let down by its simple fire-control 
System, which relies on optical sighting by the 
commander and gunner. This was adequate, 
but never more than that, when the T-54 was 
introduced, but increasingly became a limiting 
feature as the type remained in service. The. 
other main limitations suffered by T-54 crews 
are the small main armament ammunition 
Stowage of 34 rounds, the use of external (and 
thus highly vulnerable) fuel tanks to boost 
range beyond the barely adequate, and the 
poor elevation arc of the main gun: this has an 
adequate upper limit of + 17°, but the lower 
limit of -4° makes it all but impossible for the 
T-54 to adopt a hull-down tactical position, and 
this places great emphasis on the good 
ballistic protection provided by the tank's 
shaping. 

Given the longevity of its production and 
Service careers, the T-54 has inevitably 
undergone a number of modifications and im- 
provements including, on later models, an 
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NBC system that was then retrofitted to earlier 
models. The first T-54s cannot be fitted with a 
snorkel for deep wading, and the turret is fitted 
with two cupolas and a wide mantlet. Later ex- 
amples of this first production model have 
what is now the standard turret without a bulg- 
ed rear, and the right-hand cupola has a 
12.7-mm (0.5-in) machine-gun; most were later 
fitted with infra-red driving equipment and 
received the revised designation T-54(M). First 


seen in the mid-1950s, the T-54A has improved 
main armament in the form of the D-10TG gun 
with a bore evacuator, stabilization in the ver- 
tical plane and powered elevation; when 
retrofitted with infra-red driving lights it is 
designated the T-54A(M). In 1957 the Soviets 
introduced the T-54B and, apart from being the 
first model produced with infra-red night-vision 
devices as standard, it has the D-10T2S main 
gun with two-axis stabilization. Variously 


Introducted in the late 
1950s, the T-55 is 
essentially a late- 
production T-54 with 
greater power, a D-10T2S 
main gun with two-axis 
stabilization plus a bore 
evacuator, greater 
ammunition stowage and 
a rotating turret 
floor.(Finnish Army) 


The T-54 was the 
embodiment of all the 
USSR's vast experience 
of armoured warfare in 
the Second World War, 
and at the time of its 
introduction in the late 
1940s marked a high 
point in tank firepower, 
protection and mobility 
This is a basic T-54 of the 
Finnish army, and has the 
unstabilized D-10T without 
a bore evacuator. (Finnish 
Army) 
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T-54A 


described as the T-54C or T-54X, the next 
model is identical with the T-54B, except that 
the gunner's cupola is replaced by a plain 
forward-opening hatch. 

These collective modifications resulted in a 
basically similar tank with the revised designa- 
tion T-55 main battle tank, which was introduc- 
ed in the late 1950s with standard features 
Such as no loader's cupola with its 12.7-mm 
(0.5-in) anti-aircraft machine-gun, no turret 
dome ventilator, a 580-hp (432-kW) V-55 diesel 
with 960 litres (211 Imp. gal.) rather than 812 
litres (179 Imp. gal.) of internal. fuel for a 


range of 500km (311 miles) rather than 
400 km (249 miles), and 37 rounds of ammuni- 
tion for the D-10T2S gun which is stabilized in 
two planes; the 12.7-mm (0.5-in) machine-gun 
has been reinstated on some tanks, which are 
then designated T-55(M). Seen for the first 
time in 1963, the T-55A is the final production 
version, and is similar to the T-55 apart from 
having a 7.62-mm (0.3in) PKT coaxial 
machine-gun in place of the original SGMT of 
the same calibre, no bow machine-gun to 
allow an increase in main armament ammuni- 
tion stowage to 43 rounds, and a number of 
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T-54A 
(USSR) 


Type: main battle tank 

Crew: 4 

Combat weight: 36,000 kg (79,365 Ib) 
Dimensions: length, gun forward 9.00m 
(29.53 ft) and hull 6.45 m (21.16 ft); width 3.27 m 
(10.73 ft); height 2.40 m (7.87 ft)to turret top. 
Armament system: one 100-тт (3.94in) 
D-10TG L/54 rifled gun with 34 rounds, one 
7.62-mm (0.3-in) SGMT coaxial machine-gun with 
3,500 rounds, and one 12.7-mm (0.5-in) DShKM 
AA machine-gun with 500 rounds; the turret is 
electro-hyraulically powered, the main gun is 
stabilized in elevation (— 4° to + 17?) but not in 
azimuth, and an optical fire-control system is fit- 
ted; the type can generate smoke by injecting 
fuel into the exhaust system 

Armour. cast and welded steel varying in 
thickness between 20 and 210 mm (0.79 and 
8.27 in) 

Powerplant: one 425-kW (570-hp) V-2-54 diesel 
engine with 530 litres (117 Imp. gal.) of fuel and 
provision for 300 litres (66 Imp. gal.) in external 
tanks plus 400 litres (88 Imp. gal.) in two jet- 
lisonable external tanks 

Performance: speed, road 50 km/h (31 mph); 
range, road 500 km (311 miles) on internal fuel 
and 600 km (373 miles) with external fuel; fording 
14 m (4.6 ft) without preparation and 4.546 m 
(14.9 ft) with snorkel; gradient 58%; vertical 
obstacle 0.8 m (2.625 ft); trench 2.7 m (8.85 ft); 
ground clearance 0.425 m (16.7 in) 


detail improvements such as an anti-radiation 
lining; when fitted with the 12.7-mm (0.5-in) 
anti-aircraft machine-gun, this model is 
designated the T-55A(M). 

The T-54 and T-55 have been used as the 
bases for a number of specialized types such 
as armoured recovery vehicles, armoured 
vehicle-launched bridges, mineclearers, a 
combat engineer vehicle, a flamethrower and 
a dozer vehicle. The T-54 and T-55 are now 
only in limited service with the Soviet forces, 
but are widely used by many of the USSR's 
clients and allies, who have often carried out 
their own modification and update program- 
mes. The most important of these have includ- 
ed replacement of the Soviet 100-mm (3.94-in) 
main gun with a British or American 105-mm 
(4.13-in) weapon. Despite its tactical failings 


by comparison with the latest Western tanks, 
the T-54 and T-55 remain important weapons 
for the many emergent nations which have 
turned to the USSR for military support: the 
tanks are thoroughly reliable, their armament 
is effective, and the very simplicity that makes 
them obsolescent against the West is an in- 
valuable asset in countries with limited mech- 
anical resources and trained manpower. In 
general the T-54 and T-55 can be equated with 
the American M60A1. 

The Soviets' best heavy tank at the end of 
the Second World War was the IS-3. Im- 
mediately after the end of the war the Soviet 
army began to receive an improved model 
with the same 122-mm (4.8-іп) main gun, 
namely the IS-4. This was the starting point for 
19-5, 15-6, IS-7, 15-8 and 15-9 prototypes in the 
late 1940s and early 1950s. In 1953 Stalin 
died, and when the IS-9 was placed in produc- 
tion during 1956 the letter prefix was altered to 
'T' so that the service version of the 15-9 
became the T-10, whch began to reach opera- 
tional units in 1957. Production amounted to 
some 2,500 such tanks in the late 1950s, and 
its role was heavy support for the T-54 and 
T-55. The hull was of the same rolled armour 
construction as the IS-3, but was lengthened 
by the addition of a seventh road wheel on 
each side. The main armament was an improv- 
ed version of the IS-3's 122-mm (4.8-in) D-25 
L/43 gun, in this instance designated D-74, and 
the ammunition supply was 30 separate- 
loading rounds: the projectiles were a 25-kg 
(55.1-Ib) APC type fired with a muzzle velocity 
of 885 m (2,094 ft) per second to penetrate 
185 mm (7.28 іп) of armour at a range of 
1,000 m (1,095 yards) and a 27.2-kg (60-Ib) HE 
type fired with a muzzle velocity of 885m 
(2.904 ft) per second. The other armament 
was a pair of 12.7-mm (0.5-in) machine-guns, 
one located coaxially and the other on the tur- 
ret roof as an anti-aircraft weapon. 

The 49,800-kg (109,788-Ib) T-10 was suc- 
ceeded by the more capable T-10M with 
14.5-mm (0.57-in) rather than 12.7-mm (0.5-in) 
machine-guns, a multi-baffle rather than 
double-baffle muzzle brake on the main arma- 
ment, two-axis stabilization for the main arma- 
nent, another ammunition type in the form of a 
HEAT projectile fired with a muzzle velocity of 
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T-10M 
(USSR) 


Type: heavy tank 

Crew: 4 

Combat weight: 46,230 kg (101,918 Ib) 
Dimensions: length, gun forward 10.31m 
(33.83 ft) and hull 7.675 m (25.18 ft); width 3.50 m 
(11.48 ft); height 2.40 m (7.87 ft) 

Armament system: one 122-mm (4.8-in) gun with 
50 rounds and two 14.5-mm (0.57-in) KPV 
machine-guns with 1,000 rounds 

Armour: between 10 and 273mm (0.79 and 
10.75 in) 

Powerplant: one 514.5-kW (690-hp) V-2-IS diesel 
engine with 840 litres (185 Imp. gal.) of fuel 
Performance: speed, road 50 km/h (31.1 mph); 
range, road 350 km (217 miles); fording 1.3m 
(4.25 ft); gradient 32°; vertical obstacle 1.0m 
(3.28 ft); trench 3.0 m (9.85 ft); ground clearance 
0.46 m (18 in) 


900m (2,953ft) per second to penetrate 
460 mm (18.1 in) of armour at any range, 
enhanced night-vision capability, and an NBC. 
System. The revised T-10M weighed 46,250 kg 
(101,962 Ib), and maintained the T-10's strik- 
ing resemblance to the IS-3, though its armour 
was revised and thickened to minimum and 
maximum thicknesses of 20 and 273 mm (0.79 
and 10.75 in) while the use of a 690-hp 
(515-kW) V-2-IS (otherwise V-2K) diesel provid- 
ed for a maximum speed of 42 km/h 
(26.1 mph) The range was only 250km 
(155 miles), a poor figure by Soviet standards, 
but one reflecting the type's operational role 
as a breakthrough and support tank commit- 


ted for specific reasons, rather than for deep 
penetration purposes. The T-10 and T-10M are 
no longer in front-line Soviet service, put remain 
in reserve for use should the situation demand. 


PT-76 
(USSR) 


Type: light tank 

Crew: 3 

Combat weight: 14,000 kg (30,864 Ib) 
Dimensions: length, gun forward 7.625m 
(25.02 ft) and hull 6.91 m (22.67 ft); width 3.14 m 
(10.30 ft); height, early model 2.255 m (7.40 ft) 
and late model 2.195 m (7.20 ft) 

Armament system: опе 76.2-mm (3-in) D-567 rifl- 
ed gun with 40 rounds, one 7.62-mm (0.3in) 
SGMT coaxial machine-gun with 1,000 rounds, 
and in some vehicles опе 12.7-mm (0.5-n) 
DShKM AA machine-gun; the turret is electrically 
powered, the main gun is stabilized in neither 
elevation (— 4° to + 30°) nor azimuth (360°), and 
an optical fire-control system is fitted; the type 
can generate smoke by injecting fuel into the ex- 
haust system 

Armour: welded steel varying in thickness bet- 
ween 5 and 17 mm (0.2 and 0.67 in) 
Powerplant: one 180kW (241-hp) Model V-6 
diesel engine with 250 litres (55 Imp. gal.) of fuel 
plus provision for 180 litres (40 Imp. gal.) of addi- 
tional fuel in external tankage 

Performance: speed, road 44 km/h (27.3 mph) 
and water 10 km/h (6.2 mph) driven by two water- 
jets; range, road 450 km (280 miles) with max- 
imum fuel and water 65 km (40 miles); fording 
amphibious; gradient 70%; vertical obstacle 
1.1m (3.6ft); trench 28m (9.2 ft); ground 
clearance 0.37 m (14.6 in) 
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The most common PT-76 
variant is that seen here 
in Finnish service, with a 
double-baffle muzzle 
brake and a bore 
evacuator for the D-56T 
main armament. (Finnish 
Army) 


PT-76 Amphibious Tank 


Falling somewhat beyond this main se- 
quence of the development is the PT-76 light 
tank, which appeared in service during 1952 
as evidence of the Soviets’ return to the con- 
cept of a light amphibious vehicle for deep 
reconnaissance. Developed from a light- 
weight cross-country vehicle and Soviet light 
tanks of the late Second World War period 
Such as the T-80, the PT-76 has the advan- 


tages of simplicity with moderate offensive 
capability, and this has made the type popular 
with Soviet client states requiring a machine 
matched to their poor communications and 
lack of a large industrialized base for the sup- 
port and maintenance of more advanced 
tanks. On the other side of the coin, of course, 
are the main failings of the PT-76 and other 
amphibious light tanks: large size to provide 
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The Soviets have always 
placed great emphasis on 
tanks with amphibious or 
river-crossing capabilities, 
and still in widespread 
service despite its 
technical obsolescence is 
the PT-76 amphibious 
light tank such as these 
vehicles of the USSR's 
Naval Infantry (marine 
corps). Notable in this 
view are the snorkel on 
the turret rear and the 
openings in the hull rear 
for the twin waterjets. 
(MARS) 
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adequate volume for buoyancy, armour vary- 
ing inthickness between 5 and 17 mm (0.2 and 
0.67 in) making the PT-76 vulnerable to heavy 
machine-gun fire, and the sacrifice to weight- 
saving of features such as an NBC system and 
night-vision equipment. 

The welded hull of the 14,000-kg (30,864-Ib) 
PT-76 accommodates the driver in a forward 
compartment, the fighting compartment in the 
centre and the engine compartment at the 
rear. The 240-hp (179-kW) V-6 diesel engine is 
half of the V-2 used in the T-54/T-55 series, and 
provides maximum land and water speeds of 
44 and 10 km/h (27.3 and 6.2 mph) respective- 
ly. The transmission powers two rear drive 
Sprockets. The running gear on each side 
comprises six road wheels with torsion bar 
suspension, and there is a front idler. Water 
propulsion is provided by a pair of engine- 
driven waterjets, and the only preparations re- 
Quired before the tank enters the water are the 
erection of a trim vane on the nose plate and 
the activation of two electrically powered bilge 
pumps. The electrically/manually-powered tur- 
ret is again of welded steel, and accom- 
modates the commander, who doubles as 


gunner, and the loader for the 76.2-mm (3-in) 
D-56T gun. This is a development of the 
weapon used in the T-34 and KV-1 tanks of the 
Second World War, and fires five types of am- 
munition, of which 40 rounds are carried. The 
ammunition types are one HE and four 
armour-piercing types, the best of the latter 
being a HEAT type capable of penetrating 
120 mm (4.72 in) of armour at an angle of 0? at 
any range. 

The PT-76 has appeared in a number of 
forms as the PT-76 Model 1 with a multiply- 
slotted muzzle brake, the PT-76 Model 2 with a 
double-baffle muzzle brake and a bore 
evacuator, the PT-76 Model 3, similar to the 
Model 2 but without a bore evacuator, and the 
PT-76 Model 4 (or PT-76B) with the D-56TM 
gun with two-axis stabilization. The D-56TM 
gun has probably been retrofitted to all War- 
saw Pact PT-76s, but fire on the move is still 
limited by the tank's simple optical fire-control 
system. The PT-76 is still in very widespread 
service, and is likely to remain so for some 
years to come for lack of an adequate replace- 
ment in such key roles as support of the Soviet 
navy's marine arm. 
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The tanks of the 1950s may be characterized 
as logical developments of the best features to 
emerge from the Second World War: new 
features did appear, but in almost every in- 
stance these were grafted on to tanks which 
could have been (and indeed often had been) 
developed in that war. Tanks were extensively 
used in the period up to 1960, especially by the 
Soviets in dealing with revolts and revolutions 
by their eastern European subjects, but true 
warfare had been sparse. The Korean War 
(1950-53) saw considerable use of tanks by 
the United Nations' forces, though mainly in 
the support rather than anti-tank role, and the 
most significant episodes of tank warfare in 
the period were thus the Arab-Israeli wars of 
1947-48 and 1956. In these wars the Israelis 
secured major victories over larger and 
theoretically more powerful foes, through the 
adventurous use of high-quality armoured 
forces in deep outflanking and penetration 
movements, destroying the Arab forces’, 
cohesion and lines of communication to 
hasten their inevitable dissolution. These were 
essentially the tactics of the Second World 
War with their pace speeded by ideal tank ter- 
rain, and confirmed the continued dominance 
of the tank under conditions of air superiority. 

By 1960, however, there had begun to 
emerge a new generation of tanks which, 
while building on previous experience and 
practice, were notable for their adoption dur- 
ing the design phase of the best of modern 
features that had been retrofitted into the 
tanks of the 1950s. Hand in hand with these 
largely technical features (two-axis gun 
stabilization systems, computer-aided fire- 
control systems, night-vision equipment, NBC 
protection, advanced ammunition and the like) 
went improvements in protection, mobility and 
firepower. Armour continued to increase in 
thickness, but was also better conceived and 
designed for superior protection against the 


diversity of modern ammunition types, in- 
creasingly complemented by surface- and air- 
launched guided missiles. Mobility was 
enhanced by the adoption of increasingly 
powerful yet compact engines to improve 
power-to-weight ratios, and firepower was in- 
creased by the adoption of larger-calibre main 
guns, firing improved projectiles with the aid of 
increasingly sophisticated fire-control 
systems to create a significantly higher first- 
round hit probability. Typical of the improved 
projectiles are the comparatively slow-moving 
HEAT warhead, designed to generate an 
armour-piercing jet of super-hot gas and 
molten metal that can burn its way through the 
protective armour, and the extremely fast- 
moving APFSDS, designed as a fin-stabilized 
dart of heavy metal (normally tungsten or 
depleted uranium) that discards its supporting 
sabots on leaving the gun barrel, to deliver a 
devastating kinetic blow to the target armour. 

Of course all was not new, and the early 
1960s were marked by the continued evolution 
of unremarkable, but nonetheless workman- 
like tanks. Typical of the breed is the Vickers 
Main Battle Tank, which was planned and 
developed as a private venture largely to meet 
the needs of countries with a requirement for a 
capable battle tank that lacked the outright 
sophistication (and thus cost and advanced 
maintenance requirements) of the latest 
Western offerings. To this extent the Vickers 
Main Battle Tank was planned as the suc- 
cessor to the Centurion for those countries 
that neither needed nor could afford the Chief- 
tain being developed as the Centurion's suc- 
cessor in British service. The actual spur for 
the development was India’s 1961 require- 
ment for an 85,120-Ib (38,610-kg) replacement 
for the miscellany of AMX-13 light tanks, M4 
Sherman medium tanks and Centurion battle 
tanks operated by India during the 1950s: the 
new Vickers Main Battle Tank (now designated 
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Vickers Main Battle Tank Mk 1 
(Uk) 


Type: main battle tank 

Crew: 4 

Combat weight: 85,120 Ib (38,610 kg) 
Dimensions: length, gun forward 31.92ft 
(9.73 m) and hull 26.00 ft (7.92 m); width 10.42 ft 
(3.175 т); height 8.67 (264m) to com- 
mander's cupola 

Armament system: one 105-mm (4.13-in) gun 
with 44 rounds, one 0.54п (12.7-mm) ranging 
machine-gun with 600 rounds, two 7.62-mm 
(0.3-in) machine-guns with 3,000 rounds and two 
sextuple smoke-dischargers 

Armour. 80 mm (3.16 in) maximum 

Powerplant: one 650-hp (485-kW) Leyland L60 
Mk 4B multifuel engine with 220 Imp. gal. 
(1,000 litres) of fuel 

Performance: speed, road 35 mph (56.3 km/h); 
range, road 300 miles (483 km); fording 3.75 ft 
(1.14 m); gradient 60%; side slope 30%; vertical 
obstacle 3.0 ft (0.91 т); trench 8.0 ft (2.44 m); 
ground clearance 17 in (0.43 m) 


the Main Battle Tank Mk 1) was designed as a 
conventional machine using as many proven 
components as possible (including the L7 
main gun апа 0.5-in/12.7-mm__ ranging 
machine-gun of the Centurion with a two-axis 
stabilization system, and the 650-hp/485-kW 
Leyland L60 multi-fuel engine, David Brown 
TN12 transmission and running gear of the 
Chieftain) in a package that was admirably 
suited to the capabilities of a nascent tank- 
production industry such as that being estab- 


lished by India, outside Madrao. To provide 
maximum flexibility, the type was also offered 
with optional features such night-vision equip- 
ment, an NBC system, an air-conditioning 
system and an amphibious kit. 

The Vickers Main Battle Tank was sold in 
this form to India, where the type was built 
under licence as the Vijayanta, and to Kuwait. 
The Vijayanta began to enter service with the 
Indian army in 1965, and was thus too late for 
major use in the 1st Indo-Pakistani War of that 
year, but was deployed successfully in the 2nd 
Indo-Pakistani War of 1971. Production con- 
tinued into the late 1980s, despite Indian 
dissatisfaction with the powerpack, and the 
1,500 Vijayantas have been improved con- 
siderably in recent years. It is also likely that 
much of the Vijayanta fleet will be upgraded 
with new composite armour and a diesel 
engine. 

Vickers proposed a Main Battle Tank Mk 2, 
with four launchers for the Swingfire heavy- 
weight anti-tank missile, but this concept 
came to nothing and the next variant was 
therefore the Main Battle Tank Mk 3 for Kenya 
and Nigeria. This retains the basic all-welded 
hull of the Main Battle Tank Mk 1, but the 
engine has been changed to a 750-hp (559-kW) 
General Motors 12V-71T diesel; this provides 
Slightly improved speed and greater range on 
the same 220-Imp. gal. (1,000-litre) internal fuel 
capacity, but also provides greater reliability 
and ease of maintenance. The turret retains 
the basic armament of the Main Battle Tank 
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Mk 1, but instead of being an all-welded unit 
now combines a cast front with welded sides, 
rear and roof with provision for a number of 
alternative fire-control systems, including the 
Marconi Simplified Fire-Control System for a 
high first-round hit probability. The ranging 
machine-gun is retained to provide a cost- 
effective weapon for the engagement of light 
armoured fighting vehicles, and as a back-up 
ranger for the main armament. 

Further development has produced a still 
more potent variant of the Main Battle Tank, 
and this is covered below. 

The British army required an altogether 
more sophisticated machine in its search for a 
Centurion replacement, and this led to the 
development of the Chieftain (FV4201). At 
much the same time, the newly re-formed 
West German army was pressing ahead with 
the development of an indigenous tank design 
to supersede its initial complement of Amer- 
ican tanks. 

Reflecting as they do the same basic levels 
of armoured warfare technology, but at the 
same time exemplifying two different concep- 
tual approaches to basically similar opera- 
tional needs, the Royal Ordnance Factories 
Chieftain and Krauss-Maffei/Krupp MaK Leo- 
pard (now Leopard 1) are worth examining in 
parallel. The threat which both types were 
designed to meet is that of Soviet armoured 
advances westwards across the North Ger- 
man Plain: as key components of NATO's Cen- 
tral Army Group, the British Army of the Rhine 
and the West German army would in this cir- 
cumstance be faced with a defensive cam- 
paign against an opponent enjoying the bene- 
fits of numerical superiority, at the cost of only 
modest technical inferiority. In this situation 
the allied countries could hope to meet the 
challenge only by optimum use of its slight 
technical superiority on battlefields they had 
chosen and surveyed in advance of actual 
combat. In this situation, therefore, the advan- 
tages offered by mobility to the Soviets could 
perhaps be balanced by allied advantages in 
protection and firepower. 

During the early 1950s the main tanks in 
service with the British forces were the Cen- 
turion medium and Conqueror heavy types. 
These were recognized as amongst the best 


vehicles in their classes, but it was also ap- 
preciated that Soviet developments would 
soon redress the USSR's qualititative inferiori- 
ty, and the search was therefore initiated for a 
single type to supersede both the Centurion 
and Conqueror, offering the mobility of the 
former with the firepower of the latter in a 
modern package in which overall capability 
would be greater than the sum of the two 
parts. Various experimental designs were 
drawn up, but none of these progressed past 
the drawing board stage until Leyland produc- 
ed two examples of its FV4202. This was 
perceived as a research rather than pre-pro- 
duction design, but pioneered two of the key 
features later adopted for the Chieftain: a tur- 
ret without a gun mantlet, and a semi-reclined 
driver position, allowing considerable reduc- 
tion in hull height. 

In August 1958 the War Office issued a 
statement of the desired military charac- 
teristics for the new vehicle. The preface 
established some guiding principles, of which 
the most important was the need for an effec- 
tive gun/armour combination, followed by agili- 
ty and the capability for sustained operations 
(good habitability, high ammunition capacity 
and considerable fuel capacity) in the possibly 
chaotic conditions posited for modern war- 
fare. The gun/armour portion of the specifica- 
tion reflected operational lessons from the 
Korean War in calling for the engagement of 
the enemy at long range (requiring a larger 
than normal gun elevation angle, as well as the 
UK's traditional large gun depression angle to 
allow the use of hull-down tactical firing posi- 
tions) and the ability to withstand medium ar- 
tillery attack at modest range (requiring better 
protection over the frontal arc). The pace of 
modern battlefield operations demanded a 
high rate of fire from the main gun (10 rounds 
in the first minute and six rounds per minute 
for the following four minutes), a maximum 
speed of at least 26 mph (41.8 km/h) and a 
range of at least 300 miles (483 km) at 15 mph 
(24.1 km/h). Yet this advanced package was to 
be combined in a vehicle weighing not more 
than 100,800 Ib (45,723 kg), though realization 
of the impossible constraints this would im- 
pose on the design soon led to an easing of 
the weight limit to 116,000 Ib (52,618 kg). 
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Definitive design work began at Leyland 
during 1958, but late in that year primary 
responsibility for the turret was allocated to 
Vickers-Armstrongs, who also assumed con- 
trol of integration of the weapon package, the 
key component of which was the new 120-mm 
(4.72-in) Royal Ordnance Factories L11 rifled 
gun firing an extensive range of advanced am- 
munition types (APDS, HESH, Smoke-White 
Phosphorus, two practice types and finally 
APFSDS). It was decided to power the new 
tank with the Leyland L.60 series multi-fuel 
engine, used in conjunction with a TN12 semi- 
automatic transmission, and by March 1959 a 
full specification had been tentatively agreed: 
a weight of 100,000 Ib (45,360 kg), a hull 
length of 22.25 ft (6.78 m), a height of 7.83 ft 
(3.55 m), a ground clearance of 17 in (0.43 m), 
60 rounds of main armament ammunition, 
a fuel capacity of 250 Imp. gal. (1136.5 
litres) for a 700-hp (522-kW) engine, to pro- 
Vide a modest power/weight ratio of 15.5 
hp/ton (11.37 kW/tonne). 

Slight changes to the specification were 
made as the first prototype was built during 
1959, and the turret was simulated by a cir- 
cular weight as this core of the fighting system 
inevitably took longer to evolve than the 
automotive components. The Chieftain pro- 
totype was first revealed in 1961 with a fairing 
to disguise the advanced shaping of its low 
glacis, and a further six prototypes were pro- 
duced between July 1961 and April 1962. Ex- 
tensive trials confirmed the advantages of this 
heavily-armed vehicle, and in May 1963 the 
Chieftain was accepted for service. Produc- 
tion lines were established at the Royal Ord- 
nance Factory in Leeds and at the Vickers- 
Armstrongs plant at Elswick outside New- 
castle. 

When it was re-created in 1956, the West 
German army was equipped largely with US 
weapons, including the M47 and M48A2 tanks: 
the M47 was already in widespread service, 
and was thus cheap, and presented even an 
inexperienced service with no problems, while 
the smaller number of M48A2s offered super- 
ior combat capabilities to crews who had 
mastered the M47. From the beginning, how- 
ever, the West German army realized that its 
tactical concepts, inherited from its vast ex- 


perience of European armoured wartare in ina 
Second World War, were at variance with US 
concepts, which stressed firepower and pro- 
tection, to the detriment of agility and the bat- 
tlefield advantages of modest weight and low 
overall silhouette. The US main battle tanks of 
the period turned the scales at about 
112,000 Ib (50,808 kg) but the West German 
army thought that a figure nearer 30,000 kg 
(66,138 Ib) should be the norm for operations 
in Western Europe. In 1957, therefore, the 
West German army called for a new tank 
weighing a maximum of 30 tonnes, powered 
by an air-cooled multi-fuel engine for a min- 
imum power/weight ratio of 22 kW/tonne 
(30 hp/ton) and possessing the fuel tankage for 
a 350-km (217.5-mile) radius of action. The 
new vehicle was io possess an overall neignt 
of 2.2 m (7.22 ft) or less, and be armed with a 
main gun capable of penetrating 150 mm 
(5.91 in) of armour at an angle of 60? at op- 
timum range and possessing a maximum ef- 
fective range of 2,250 m (2,460 yards). A con- 
Straint on the weight of the vehicle was the 
large number of European bridges limited to а 
maximum of 40 tonnes, and with the width of 
these bridges also limited width to a maximum 
of 3.15 m (10.33 ft). Defensive capability was 
Clearly important, but the West Germans 
opted for a different concept to the British: ac- 
celeration, agility and cross-country perfor- 
mance in preference to thick armour, and this 
capability was sought in the new tank's light. 
overall weight, high power/weight ratio and ad- 
vanced suspension, for which torsion bar or 
hydropneumatic types were specified. 
France and Italy had reached much the 
Same conclusions as the West Germans, and 
with France the West Germans were able to 
Sign an interim understanding about the devel- 
opment of the new vehicle. Thus two pro- 
totypes were produced in France by AMX, and 
two different prototypes by each of the West 
German consortia: Gruppe A led by Porsche 
and Gruppe B by Ruhrstahl. A turret to suit all 
these prototypes was ordered from Rhein- 
metall. The two Gruppe A vehicles were 
delivered in January 1961 and the two Gruppe 
B machines in September of the same year. 
Given the nature of the specification, it was 
hardly surprising that the two vehicle types 
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were similar in overall line, and powered by the 
same Daimler-Benz MB 838 multi-fuel engine. 

The machines were exhaustively evaluated 
in 1961, together with the Rheinmetall turret, 
which was offered with a choice between two 
105-mm (4.13-in) rifled guns in the forms of the 
British L7 and the West German Rheinmetall 
Rh-105. The situation was then complicated by 
the French decision to adopt a GIAT main gun 
of the same calibre but firing only a HESH 
round in the anti-tank role, whereas the West 
Germans placed great store of NATO standar- 
dization of the British L7 firing APDS, HEAT 
and HESH anti-tank rounds. Ultimately it was 
realized that while the Gruppe B hull and 
automotive system were more advanced than 
those of the Gruppe A vehicle, it would take too 
long to bring them to production and service 
standards, and the Gruppe A vehicle with the 
Rheinmetall turret and L7 series main gun was 
standardized as the Leopard in 1963, the 
French having meanwhile opted to go their 
own way. Thus the Leopard series began to 
enter production while an intensive pro- 
gramme of innovative development was 


pressed ahead with for the introduction of 
more advanced derivatives and for the retrofit 
of in-service tanks. 

Though ordered in 1962, the Chieftain 
began to enter service only in 1967, after 
delays occasioned by problems with the 
powerplant, transmission and suspension. At 
the time of its introduction the Chieftain was 
the best protected and most powerfully armed 
tank in the world, a position it enjoyed until the 
advent of the West Germans’ Leopard II in 
1980. Given that the Chieftain was designed 
primarily for head-on operations against tanks, 
the heaviest protection is fitted on the frontal 
arc: a cast front for the otherwise welded hull 
and the thickest portion of the cast turret at the 
front. These frontal sections are well sloped as 
well as thick, offering an exceptional combina- 
tion of protection against kinetic- as well as 
chemical-energy weapons. Overall layout is 
typical of modern tank practice: the forward 
compartment accommodates the centrally- 
located driver, the central compartment is the 
fighting compartment with the commander 
and gunner located on the right of the turret 


The Chieftain battle tank 
is typical of modern 
British practice, which 
emphasizes protection 
and firepower at the 
expense of mobility. On 
the left of the turret is a 
large white light/infra-red 
searchlight. (MARS) 
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^ Chieftain battle tank in 
a hull-down firing position 
in typical Northern 
European winter 
conditions. (MoD) 


Far right The radio 
operator's station of a 
Chieftain battle tank. (СОЛ 


Bottom right Seen here 
in typical wooded terrain 
the Chieftain was 
designed for mobile 
warfare on the North 
European plain, and in this 
context British operational 
doctrine emphasized 
firepower and protection 
over outright mobility. This 
thinking was based largely 
on the feeling that highly 
mobile operations would 
not be possible in terrain 
Such as this. 


and the loader for the 64 separate-loading 
rounds of 120-mm (4.72-in) ammunition on the 
left, and the rear compartment is devoted to 
the powerpack (engine and transmission). The 
vehicle is supported on wide tracks that ride 
over an arrangement, on each side, of six road 
wheels with Horstmann suspension, three 
track-return rollers, a rear drive sprocket and a 
front idler. Modern tank tactics stress the im- 
portance of securing a ‘mobility kill’ if the 
target tank cannot be destroyed entirely, and 
to reduce the chances of sustaining such 
damage the Chieftain is fitted with substantial 
Skirt armour over all but the lower halves of the 
road wheels, idlers and drive sprockets: this is 
designed to protect the suspension and lower 
hull from the effect of HEAT warheads. 

Full provision was made for the warfare in 
modern conditions, and the Chieftain 
therefore has passive night-vision equipment, 
a sextuple discharger for smoke grenades on 
each side of the turret, and an overpressure 
NBC system with its main unit in the large tur- 
ret bustle. This last is an altogether more ef- 


fective type of defence against nuclear, 
biological and chemical agents than the 
original individual projection type, the over- 
Pressure concept removing the need for in- 
dividual face masks, with all its constraints on 
movement and endurance under adverse con- 
ditions. 

The armament of the Chieftain is the L11A5, 
which has an elevation arc between -10° and 
+ 20° ina turret that can be traversed through 
360° in primary electrical or secondary man- 
ual modes. The gun is fully stabilized in eleva- 
tion and azimuth for high first-round hit pro- 
bability even when the tank is moving, and is 
fitted as standard with a bore evacuator and 
thermal sleeve. The use of separate-loading 
ammunition greatly eases the task of the 
loader, and additional safety is provided by the 
location of all the bagged propellant charges in 
water-filled containers below the level of the 
turret ring to reduce the chances of an explo- 
sion if the turret is pierced. The secondary ar- 
mament comprises two 7.62-mm (0.3-in) ma- 
chine-guns, one located coaxially and the 


other for anti-aircraft defence on the com- 
mander's cupola. The cupola can be traversed 
entirely independently of the turret, and the 
commander can operate the machine-gun 
from his closed-down position. In early models 
of the Chieftain, ranging for the main gun was 
achieved by a method similar to that used in 
the later Centurions, namely a 0.5-in (12.7-mm) 
ranging machine-gun over the barrel, used in 
conjunction with a Marconi gun-control unit 
that offered stabilized power, unstabilized 
power, emergency battery and manual control 
modes. From the early 1970s the ranging 
machine-gun was superseded by a Barr & 
Stroud laser rangefinder, and the gun-control 
unit has been supplemented by a Marconi Im- 
proved Fire-Control System with a digital com- 
puter to integrate stored data (ammunition 
types and performance etc) with data from 
sensors to-create a high-quality solution to the 
fire-control problem. 

In the course of a production run up to 1978 
of about 900 vehicles for the British army, and 
in its subsequent service career, the Chieftain 
has gone through various marks of notably im- 


proved quality. The Chieftain Mk 1 had only a 
585-hp (436-kW) engine, and only 40 were built 
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in 1965 and 1966 for training purposes; the Mk 
1s were subsequently improved as the Chief- 
tain Mk 1/2 brought up to Mk 2 standard, the 
Chieftain Mk 1/3 with a new powerpack, and 
the Chieftain Mk 1/4 which is the Mk 1/3 with a 
modified ranging machine-gun. The first 
operational version was the Chieftain Mk 2, 
Which began to reach service units іп 1967 
with а 650-hp (485-kW) engine. In 1969 the Mk 
2 was complemented by the Chieftain Mk 3 
with an improved auxiliary engine and a 
number of secondary armament, suspension 
and equipment modifications; service variants 
of the Mk 3 included the Chieftain Mk 3/S, 
evolved from the Mk 3/G prototype with turret 
air breathing and a firing switch for the com- 
mander, the Chieftain Mk 3/3 with a 720-hp 
(537-kW) engine and a number of operational 
improvements (an extended-range ranging 
machine-gun, provision for a laser range- 
finder, a modified NBC pack etc), and the 
Chieftain Mk 3/3P export version of the Mk 3/3 
for Iran. The Chieftain Mk 4 was а development 
model with greater fuel capacity. The Chieftain 
Mk 5 may be regarded as the definitive. pro- 
duction model based on the Mk 3/3 with many 
Operational improvements such as greater 
APDS stowage at the expense of ammunition 
capacity for the ranging machine-gun; the two 
export variants of the Mk 5 were the Chieftain 
Mk 5/2K for Kuwait and the Chieftain Mk 5/3P 
for Iran. The Chieftain Mk 6 is a Mk 2 with a 
new powerpack. The Chieftain Mk 7 is the Mk 3 
and Mk 3/S with an improved engine and 
modified ranging machine-gun. The Chieftain 
Mk 8is the Mk 3/3 with Mk 7 modifications. The 
Chieftains Mk 9, Mk 10, Mk 11 and Mk 12 are 
the Mk 6, Mk 7, Mk 8 and Mk 5 respectively 
with the Improved Fire-Control System. 

An important development for in-service 
Chieftains is the Barr & Stroud TOGS (Ther- 
mal Observation and Gunnery Sight), an exter- 
nal retrofit package developed from the sys- 
tem used in the Challenger that replaces the 
current white light/infra-red searchlight to pro- 
duce an observation and gunnery capability in 
smoke and at night. Another Chieftain 
enhancement is the so-called Stillbrew ar- 
mour, which comprises appliqué plates added 
over the frontal arc to improve protection and 
additionally to shield the vulnerable interface 


between the hull and turret from frontal tira. 
The Stillbrew armour is added at base work- 
shops, and though it improves protection to a 
marked degree through its multi-ayer nature 
(classified, but believed to be a steel outer 
layer over a ceramic composite) it is com- 
Paratively light and so affects mobility only 
slightly. This is particularly important. since 
the Chieftain's mobility has always been its 
weakest point. Mobility was admittedly placed 
behind firepower and protection in the for- 
mulation of the Chieftain specification, but the 
engine reached the planned power output only 


Vickers Defence Systems (ROF 
Leeds) FV4201 Chieftain Mk 5 


(Uk) 


Type: main battle tank 
Crew: 4 

Combat weight: 121,250 Ib (55,000 kg) 
Dimensions: length, gun forward 35.42ft 
(10.795 m) and hull 24.67 ft (7.518 m); width 
11.50ft (3.504 m) over skirts; height 9.50 ft 
(2.895 m)overall 

Armament system: one 120-mm (4.72-in) ROF 
L11A5 rifled gun with 64 rounds, one 0.5-in 
(12.7-mm) L21A1 coaxial ranging machine-gun 
with 300 rounds (not fitted in vehicles with the 
IFCS with laser rangefinder), two 7.62-mm (0.3-in) 
machine-guns (one L8A1 coaxial and one L37A1 
AA) with 6,000 rounds, and six smoke- 
dischargers on each side of the turret; the turret 
is electrically powered, the main gun is stabilized 
in elevation (— 10° to + 20°) and azimuth (360°), 
anda Barr & Stroud Tank Laser Sight Unit or Mar- 
coni Improved Fire-Control System is fitted; this 
latter combines stabilized day/night optical 
Sights, a laser rangefinder, various sensors anda 
ballistic computer 

Armour: cast and welded steel; all in-service 
Chieftains are being retrofitted with the Stillbrew 
appliqué armour system (an outer layer of steel 
on top of an inner laminate layer) over the most 
vunerable sections of the frontal arc 
Powerplant: one 750-bhp (559-kW) Leyland L60 
No.4 Mk 8A multi-fuel engine with 210 Imp. gal. 
(955 litres) of fuel 

Performance: speed, road 30 mph (48 km/h); 
range, road 310 miles (499 km); fording 3.5 ft 
(1.07 m) without preparation; gradient 70% ; side. 
Slope 30%; vertical obstacle 3.0ft (0.91 m); 
trench 10.33 ft (3.15 m); ground clearance 20 in 
(0.51 m) 
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A Chieftain AVLB lays its 
No.8 bridge, a folding unit 
laid over the front of the 
launcher's hull to span a 
gap of up to 75 ft 
(22.68-m). In military 
bridging operations, 
speed and reliability are 
prime requisites. The 
Chieftain AVLB can lay its 
bridge in about five 
minutes using hydraulic 
power and controlling the 
operation from within the 
hull, uncouple itself from 
the bridge automatically, 
and recover a bridge in 
about 10 minutes. (CON 


The Chieftain ARV is 
based on the hull of the 


Chieftain Mk 5 battle tank, 


and carries a full range of 
equipment for the vitally 
important armoured 
recovery role. (BAOR) 


in later models, which had risen considerably 
above the legend weight of the early models 
designed for 750 hp (559 kW) but produced 
with only 585 hp (436 kW). 

There have been a number of experimental 
models of the Chieftain with uprated engines 
or indeed a gas turbine powerplant, but the 
only other models to have entered service are 
two armoured vehicle-launched bridges, an 
AVRE (Armoured Vehicle Royal Engineers) 


1 rue 


and an armoured recovery vehicle. It is cón- 
ceivable, however, that as the Chieftain is 
phased out of first-line service as a battle tank 
in the later 1990s, other variants will be devel- 
oped on surplus chassis. 

As noted above, the Chieftain secured initial 
export sales to Iran (707 Chieftain Mk 3/3Ps, 
Mk 5/3Рѕ, armoured recovery vehicles and 
bridgelayers all delivered in 1978) and to 
Kuwait (Mk 5/2Ks). Oman later ordered 15 
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Chieftain Mk 15s, which have the local desig- 
nation Qayis al Ardh. Iran also received 187 
examples of the Improved Chieftain 
(FV4030/1) with additional fuel capacity, better 
protection against mines and improved sus- 
pension. Plans to re-engine Iran's fleet with an 
800-hp (596.5-kW) Rolls-Royce diesel were 
abandoned after the imperial regime was over- 
thrown in 1979 in favour of a fundamentalist 
Muslim republic. 

By this time, though, Iran had ordered 125 
examples of the Shir 1 (FV4030/2) and 1,225 
examples of the Shir 2 (FV4030/3), and when 
the order was cancelled by the new Iranian 
government in 1979, production of the Shirt 
was under way, while development of the Shir 
2 was almost complete. The Shir 1 then 
became the Khalid for Jordan, which received 
274 examples, and the Shir 2 formed the basis 
for the British army's Chieftain successor, the 
Challenger. The Khalid is basically a late- 
model Chieftain with a Perkins (Rolls-Royce) 
Condor 12V 1200 diesel developing 1,200 hp 
(895 kW) through a TN37 fully automatic trans- 
mission for superior performance and mobil- 
ity, in combination with improved suspension, 
and with the Computer Sighting System devel- 
oped from the Chieftain's Improved Fire- 
Control System. 

The Challenger is an altogether more for- 
midable machine that is nonetheless an evolu- 


tionary development of the Chieftain, with all 
the advantages that accrue from such a prac- 
tice in terms of low technical risk, reduced 
development cost and contracted develop- 
ment time. Work on the vehicle was started in 
the late 1960s, but then halted in 1970 when 
anAnglo-West German agreement was signed 
for a collaborative main battle tank. This latter 
project was bedevilled by a divergence of 
timetable and operational requirements, and 


The Chieftain ARV has a 
front-mounted earth 
anchor and twin winches 
for the recovery of 
disabled or ditched 
vehicles. (P. Griffiths) 


An FV434 armoured 
repair vehicle prepares to 
lower a complete 
powerpack into a 
Chieftain battle tank. 
(BAOR) 
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The Challenger battle tank 
is essentially an upgraded 
Chieftain hull with a more 
powerful engine and a 
revised turret fitted with 
laminate armour. (BAOR) 
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was abandoned in 1977 in favour of separate 
national efforts. The British thereupon decided 
to produce a so-called MBT-80 with a 120-mm 
(4.72-in) high-pressure main gun. But in 1980 
the MBT-80 was cancelled on grounds of rising 
cost and slipping schedules, and the British 
army had therefore to look elsewhere for its 
Chieftain replacement. 

The result was the Challenger, which began 
to enter service in 1983 and is essentially the 
Shir 2 revised to accord with British opera- 
tional requirements and fitted with the Chob- 
ham composite armour first trialled during 
1971 on a Chieftain derivative, the FV4211 
prototype. Though based on the Chieftain in its 
Structure and basic layout, the Challenger has 
a different appearance through the use of the 
special Chobham laminate armour, which 
comprises layers of special ceramics, metal 
and other material to provide a very high level 
of impenetrability to anti-armour weapons of 
both the chemical and kinetic varieties. Chob- 
ham armour can be produced only in flat 
sheets so far, and this means that specially 
shaped panels have to be laid over a steel in- 
ner structure to produce hull and turret con- 
tours less curvaceous than those of the Chief- 
tain. The Challenger also uses the Condor 12V 
1200 diesel and TN37 transmission in an eas- 
ily removed powerpack, hydropneumatic 
rather than Horstmann suspension, with in- 


creased wheel travel for a better cross- 
country ride, the TOGS sight and the IFCS fire- 
control system. The armament is currently the 
L11A5 gun with 64 rounds, though the produc- 
tion version of the XL30 high-pressure gun is 
planned for retrofit as soon as possible: the. 
L11A5 weighs 3,930 lb (1,783kg) and is 
285.75in (7.258 т) long, while the XL30 


FV4030/4 Challenger 
(UK) 


Type: main battle tank 

Crew: 4 

Combat weight: 136,685 Ib (62,000 kg) 
Dimensions: length, gun forward 37.89 ft 
(11.55 m) and hull 27.53 ft (8.39 m); width 11.54 ft 
(3.518 m); height 9.48 ft (2.89 m) to top of com- 
mander's sight 

Armament system: one 120-mm (4.72-in) gun 
with 64 rounds, two 7.62-mm (0.3-in) machine- 
guns with 4,000 rounds and two quintuple smoke- 
dischargers 

Armour: not revealed 

Powerplant: one 1,200-hp (895-kW) Rolls-Royce 
Condor 12V 1200 diesel engine with 395 Imp. gal. 
(1797 litres) of fuel 

Performance: speed, road 35 mph (56.3 km/h); 
range, road not revealed; fording 3.5 ft (1.07 m) 
without preparation; gradient 58%; vertical 
obstacle 3.0 ft (0.91 m); trench 10.33 ft (3.15 m); 
ground clearance 19.7 in (0.5 m) 
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weighs 4,410 Ib (2,000 kg) but is only 223.6 in 
(5.68 m) long, and the barrel is rated at slightly 
more than 4.5 times the number of fired 
rounds, with all the financial and operational 
advantages of this fact. 

A number of improvements have already 
been developed as part of the Challenger Im- 
provement Programme, but the exact extent 
to which these features will be adopted 
depends on the willingness of the British 
government to allocate the required funding. 
After considerable pressure from inside the 
Army and from industrial organizations, the 


British government decided in 1989 to hedge 
its bets for a Challenger successor by ordering 
prototypes of the private-venture Challenger II 
from Vickers Shipbuilding and Engineering Ltd 
(VSEL), while maintaining a watching brief 
over the service and development capabilities 
of the M1A1 Abrams. It seems that the Army 
would have preferred early delivery of the 
American M1A1, with its proved capabilities 
and 120-mm (4.72-in) smooth-bore gun, while 
political and economic considerations per- 
suaded the government to opt, at least in the 
short term, for development of the Challenger 


The main armament of 
the Challenger is the well 
proved but accurate and 
devastating 120-mm 
(4.72-in) L11A6 rifled gun 
(P. Griffiths) 


FV 4030/3 Challenger 
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ll with a new turret and high-pressure 120- 
mm (4.72-in) rifled gun on the hull of the 
basic Challenger. The government's com- 
promise committed VSEL to an exacting 
schedule of development and prototype tri- 
als before any production order was forth- 
coming: should the Company or its product 
have failed to meet the Schedule or require- 
ments, the government would have Switched 
its commitment to the American tank. The 
main criticism levelled at the Challenger has 
been its poor fire-control System, which in its 
Current form is an add-on type that has 
proved to be inadequately integrated into 
the Challenger as a Complete system: in the 
Challenger II this criticism has been over- 
come by the development of a new turret 
and armament combination into which the 
advanced fire-control and associated gun- 
control systems will be fully integrated. 

This leaves the issue of smooth-bore versus 
rifled main gun, which is a question that has 
exercised military planners very deeply in the 
last couple of decades or so. The smooth-bore 
gun is ideal for the anti-tank role, allowing the 
potent APFSDS (Armour-Piercing Fin- 
Stabilized Discarding-Sabot) kinetic-energy 
dart to be fired under optimum conditions: the 
Primary protagonists of this type of weapon 
are the French, West Germans and 
Americans, the former with a GIAT gunandthe 
latter two with a Rheinmetall weapon. The 
British, on the other hand, have historically 
Seen their tanks more as multi-role types, in 
Which a rifled gun offers better capabilities for 
а combined complement of kinetic- and 
chemical-energy projectiles. There appears to 
be a switch in the British army's tactical think- 
ing at the moment, favouring the advantages 
of logistic commonality with their NATO allies 
over the more problematic advantages of a 
multi-role capability when ploughing a 
singleton logistic furrow. 

Introduced in 1965, the Leopard 1 is in 
marked contrast with the Chieftain: whereas 
the priority list for the British tank was 
firepower, protection and mobility last by a 
considerable margin, that for the West Ger- 
man tank was firepower and mobility as equal 
first and only then protection. Since that time 
the Leopard 1 has proved eminently success- 


ful, the total of 2,497 vehicles built tor tno wast 
German army being complemonted by export 
sales to Australia (90 vehicles), Belgium (334 
vehicles), Canada (114 vehicles), Denmark 
(120 vehicles), Greece (106 vehicles), Italy 
(920 vehicles), tne Netherlands (468 vehicles), 
Norway (78 vehicles) and Turkey (77 vehicles). 

Like the Chieftain, the Leopard 1 is of con- 
ventional layout, but with only two compart- 
ments: that for the crew of four (the driver in 
the hull, and the commander, gunner and 
loader in the turret) at the front and that for the 
Powerpack at the rear. The manual transmis- 
sion drives rear Sprockets, and the running 
gear comprises on each side seven dual road 
wheels with independent torsion bar suspen- 
sion, and four track-return rollers. Like the 


Krauss-Maffei/Krupp MaK Leopard 1 
(West Germany) 


Type: main battle tank 

Crew: 4 

Combat weight: 40,000 kg (88,184 Ib) 
Dimensions: length, gun forward 9.543m 
(31.31 ft) and hull 7.09 m (23.26 ft); width 3.37 m 
(11.06 ft) over skirts; height 2.764 m (9.07 fijto 
top of commander's periscope 

Armament system: one 105mm  (4.13-in) 
ROF/Rheinmetall L7A3 rifled gun with 60 rounds, 
two 7.62-mm (0.3-in) MG3A1 machine-guns (one 
coaxial and one AA) with 5,500 rounds, and four 
Smoke-dischargers on each side of the. turret; the 
turret is electro-hydraulically Powered, the main 
gun is stabilized in elevation (— 9° to + 20°) and 
azimuth (360°), and an EMES 12 fire-control 
System is fitted; this combines stabilized optical 
Sights, a computer-controlled rangefinder and a 
ballistic computer 

Armour. cast and welded steel varying in 
thickness between 10 and 70 mm (0.39 and 
276 in) 

Powerplant: one 619-kW (830-hp) MTU MB 838 
Ca-M500 multi-fuel engine with 955 litres (210 
Imp. gal.) of fuel 

Performance: speed, road 65 km/h (40.4 mph); 
range, road 600 km (373 miles); fording 1.2 т 
(3.9 ft) without preparation, 2.25 т (7.4 ft) with 
Preparation and 4.0 m (13.1 ft) with snorkel; gra- 
dient 60%; side slope 30%: vertical Obstacle 
1.15m (3.77 ft); trench 3.0m (9.8 ft); ground 
clearance 0.44 m (17.3 in) 
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Leopard 1 


ENCYCLOPAEDIA OF THE TANK 


The first production 
Leopard 1 for the West 
German army clearly 
reveals the type's 
ancestry in German 
Second World War 
experience, married to 
modern concepts of 
ballistic shaping. (Krauss- 
Maffei AG) 


Belgium was the first 
country after West 
Germany to order the 
Leopard 1. Such a vehicle 
is seen before the 
mid-1970s update that 
added a thermal sleeve to 
the main armament and, 
less visibly, a Cadillac 
Gage main armament 
stabilization system. 
(Belgian Defence Ministry) 


Chieftain, the Leopard 1 has night-vision de- 
vices, smoke-dischargers on each side of the 
turret (in this instance triple units), an over- 
pressure NBC system, and skirts, these last 
being metal-reinforced rubber units. The ar- 
mament is a British-supplied 105-mm (4.13-in) 
L7A3 weapon firing the standard range of 


NATO ammunition, of which 55 rounds are 
carried, but as first delivered, the Leopard 1 
lacked any gun stabilization or a sophisticated 
fire-control system. 

Given that low weight was important to the 
Leopard 1, modest armour was inevitable: this 
varies from a minimum of 10 mm (0.39 in) to a 
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maximum of 70 mm (2.76 in). In shape, the 
Leopard 1 has much in common with the Ger- 
man battle tanks of the Second World War, 
being fairly angular and possessing sharply 
angled armour only on the hull front and upper 
sides. The hull is of welded construction, while 
the turret is a cast unit. 

The initial variant was the Leopard 1, as 
described above, and 1,845 of this basic 
variant were built in the first four production 
batches; from 1971 these were retrofitted with 
a two-axis stabilization system and thermal 
sleeve for the main armament, thereby be- 
coming Leopard 1A1 tanks or, with Blohm und 
Voss appliqué spaced armour for the turret 
and mantlet, Leopard 1A1A1 tanks. Next in 


production came 232 examples of the Leopard 
1A2 with the modifications of the Leopard 1A1 
as well as a cast turret of stronger armour, a 
better NBC system and passive night-vision 
devices. The Leopard 1A2s formed the bulk of 
the fifth production batch, which was com- 
pleted by 110 examples of the Leopard 1A3 to 
Leopard 1A2 standard but with a new turret 
fabricated of welded spaced armour and fitted 
with a wedge-shaped mantlet; the Greek and 
Turkish vehicles are to this standard, which in- 
corporates a stowage basket built into the tur- 
ret structure, rather than appended to its rear 
The final new-build model was the Leopard 
1A4, comprising a sixth production batch of 
250 tanks, basically similar to the Leopard 1A3 


Italian Leopard 1 battle 
tanks were slow to reach 
operator units as 
production tool-up at ОТО 
Melara was slow. (Italian 
Army) 


Dutch Leopard 1 battle 
tanks are similar to West 
Germany's Leopard 1A2s 
but have different 
equipment (including 
Dutch smoke dischargers) 
and three stowage 
panniers. (Netherlands 
Army) 
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The Leopard 1A3 
introduced a completely 
new turret of spaced 
armour with a wedge- 
Shaped mantlet. (Krauss- 
Maffei AG) 


The Leopard 1A4 is 
similar to the 1A3 but has 
a fully integrated fire- 
control system with 
stabilized optics, a 
stabilized main gun and a 
ballistic computer. 
(Krauss-Maffei AG) 


apart from the installation of an integrated fire- 
control system complete with ballistic com- 
puter. From 1986 some 1,300 Leopard 1s have 
been virtually remanufactured to Leopard 1A5 
Standard, with a more capable Krupp-Atlas 
EMES 18 fire-control system, Carl Zeiss ther- 
mal imaging system for continued operational 
capability in smoke and at night, appliqué ar- 
mour and a number of secondary defensive 
features, such as an explosion-suppressing 
system in the crew compartment. 


The export and licence-built versions of the 
Leopard have been developed to different pit- 
ches in their operator countries, generally with 
better fire-control systems and other opera- 
tionally advantageous items. The Leopard 1 
family of armoured vehicles is completed by 
an armoured recovery vehicle, an armoured 
engineer vehicle, an armoured vehicle- 
launched bridge, a driver training tank and the 
Gepard anti-aircraft vehicle carrying twin 35- 
mm radar-controlled cannon in its turret. 
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Just as the Chieftain paved the way for the 
Challenger in British service, the Leopard 1 
paved the way for the Leopard 2 in West Ger- 
man service. According to plans laid in the 
1960s, the West German Leopard 1 and US 
M60 series were to have been replaced by the 
MBT-70, a joint West German and American 
vehicle using the 152-mm (5.98-in) gun/laun- 
cher for the Shillelagh anti-tank missile. But in 
1970 the MBT-70 was cancelled because of 
rising cost and an increasing divergence of 
West German and American requirements, 
leaving West Germany with a potentially de- 
vastating gap in its armoured force's inventory 
as the Leopard 1 began to show its age. There 
had been separate Porsche and Krauss-Maffei 
development programmes under way before 
the cancellation of the MBT-70, but after the 
cancellation the West Germans decided to 
develop a new main battle tank using MBT-70 
components wherever possible: the most 
Significant of these were the MTU MB 873 
multi-fuel engine and the Renk transmission 
Improved Leopard 1 components had also 
been developed, and wherever possible these 
too were worked into the design of the Krauss- 
Maffei Leopard 2, which may be compared 
favourably to the T-34 as being the only tank of 
its period to combine firepower, protection 
and mobility in equal and unparalleled propor- 
tions. The Leopard 2's main European rivals 
are the Chieftain and AMX-30. The Chieftain, 
as discussed above, has good firepower, good 


protection and poor mobility, while the 
AMX-30, as discussed below, has good mobil- 
ity, adequate firepower and poor protection. 
West Germany had come to the conclusion 
during the 1960s that smooth-bore main guns 
offered significant advantages over rifled 
weapons, largely in the anti-tank role firing 
APFSDS and HEAT ammunition, which both 
function better when not spinning. Rheinmetall 
therefore produced smooth-bore weapons in 
105- and 120-mm (4.13- and 4.72-in) calibres, 


The frontal contours of 
the Leopard 1A4's turret 
offer a high level of 
ballistic protection though 
the wedge-shaped mantlet 
provides a shot trap 
between itself and the hull 
roof. (Krauss-Maffei AG) 


The Australian army's 
main battle tank is the 
Leopard AS 1, essentially 
a tropicalized Leopard 
1A3 with the Belgian 
SABCA fire-control 
system. (Australian 
Defence Ministry) 
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The Leopard AEV is the 
armoured engineer 
vehicle member of the 
Leopard family, and 
though quite similar to the 
Bergepanzer Leopard 
armoured recovery 
vehicle carries an earth 
auger in place of the 
Spare powerpack on the 
rear decking. (Krauss- 
Maffei AG) 
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Krauss-Maffei/Krupp MaK Leopard 2 


(West Germany) 

Type: main battle tank 

Crew. 4 

Combat weight: 55,150 kg (121,583 Ib) 
Dimensions: length, gun forward 9.668 т 


(31.72 ft) and hull 7.722 m (25.33 ft); width 3.70 m 
(12.14 ft) over skirts; height 2.46 m (8.07 ft) to tur- 
ret top. 

Armament system: one 120mm (4724г) 
Rheinmetall Rh-120 smooth-bore gun with 42 
rounds, two 7.62-mm (0.3-in) MG3A1 machine- 
guns (one coaxial and one AA) with 4,750 rounds, 
and eight smoke-dischargers on each side of the 
turret; the turret is electro-hydraulically powered, 
the main gun is stabilized in elevation (— 19° to 
+ 20°) and azimuth (360°), and an EMES 15 fire- 
control system is fitted; this last combines 
stabilized optical sights, thermal sights, a laser 
rangefinder and a ballistic computer 

‘Armour: spaced multi-layer type 

Powerplant: опе 1120-kW (1,502-hp) MTU MB 
873 Ka-501 diesel engine with 1,200 litres (264 
Imp. gal.) of fuel 

Performance: speed, road 72 km/h (44.7 mph); 
range, road 550 km (342 miles); fording 1.0 m 
(3.3 ft) without preparation, 2.25 m (7.4 ft) with 
preparation and 4.0 m (13.1 ft) with snorkel; gra- 
dient 60%; side slope 30%; vertical obstacle 
1.1m (3.61 ft); trench 3.0m (9.89); ground 
clearance 0.63 m (24.8 in) 


and these were installed in 10 and six of the 16 
Prototype Leopard 25. Trials with the weapons 
Confirmed the overall superiority of the 
120-mm (4.72-in) Rh-120 weapon, which has a 
total system weight (including the shield) of 
3,655 kg (8,058 Ib) including the 1.005 ко 
(4,200-Ib) ordnance, and an overall length of 
6.168m (242.84 in) including the 5.3-т 
(208.66-in) barrel. The gun fires two types of 
operational ammunition, both of the fixed type: 
the APFSDS round weighs 19 kg (41.89 Ib) and 
fires its 7.1-kg (15.65-Ib) projectile with a muz- 
Zle velocity of 1,650 m (5,413 ft) per second, 
which gives the 32-mm (1.26-in) diameter pro- 
jectile enormous kinetic energy on the target. 
The HEAT round weighs 23 kg (50.71 Ib) and 
fires a 13.5-kg (29.76-Ib) projectile whose full- 
bore diameter gives the warhead's focussed 
jet very considerable penetrative power on the 
target. From the late 1980s Rheinmetall was 
working on a more advanced APFSDS pro- 
jectile launched with a muzzle velocity in the 
order of 1,800 m (5,906 ft) per second. 

The prototypes were completed between 
1972 and 1974, two of them with hydropneu- 
matic suspension but the other 14 with the ad- 
vanced friction-damped torsion bar type that 
was adopted for the production variant. The 
prototypes underwent a period of intense 
evaluation before the West German army an- 
nounced an order for 1,800 vehicles with the 
120-mm (4.72-in) gun during 1977. The first of 
these was delivered in 1978 and the last in 
mid-1987, an order for 150 more arriving just 
too late to ensure an uninterrupted production 
programme. The Leopard 2 has also been 
ordered by the Netherlands (445 vehicles) and 
Switzerland (380 vehicles, including 345 made 
under licence by Contraves and the Federal 
Construction Works). 

In overall configuration the Leopard 2 is 
unexceptional, with the driver's compartment 
at the front, the fighting compartment in the 
centre, and the power compartment at the 
rear, with the transmission powering rear drive 
sprockets for tracks that run round an arrange- 
ment of seven dual road wheels, a front idler 
and four track-return rollers on each side. The 
large turret accommodates the commander 
and gunner on the right, and the loader plus his 
hydraulically-assisted loading system on the 
left. It was initially thought that the Leopard 2 
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Leopard 
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was made of spaced armour, but in 1976 it 
was revealed that it comprised Chobham lam- 
inate armour over a steel structure, and this 
explains in part the angular appearance of the 
vehicle. Standard equipment includes the 
whole range of modern tank ancillaries, such 
as an advanced fire-control system with 
stabilized optical components, two-axis gun 
Stabilization, passive night-vision equipment, 
an overpressure NBC system, a fire-extin- 
guishing system, two quadruple dischargers 
for smoke grenades on each side of the turret 
and, like the Leopard 1 series, a snorkel for 
deep wading. 

The 1960s were years of considerable 
development in the armoured field, and other 
main battle tanks to emerge from European 
manufacturers were the French AMX-30 and 
the Swedish Strv 103. The AMX-30 resulted 
ultimately from a joint French, Italian and West 
German requirement formulated in 1956 for a 
main battle tank that could provide the advan- 
tages of lighter weight and greater mobility 
than current American and British types, yet 
Still carry the same weight of armament: pro- 
totypes were to be produced in France and 
West Germany, and the winning design was 
then to be built in France and West Germany, 
for all three countries: the notion was ad- 
mirable, but as has so often happened with 
such collaborative ventures within the NATO 
alliance, the practice fell far short of the inten- 
tion. Italy went its own way in opting for’ li- 
censed construction of the American M60A1, 
while France and West Germany each decid- 
ed to produce their own design, as the AMX-30 
and Leopard 1; 

The design of the AMX-30 was carried out 
by AMX, while production was entrusted to the 
Atelier de Construction de Roanne, which 
completed the first production tanks in 1966 to. 
allow a service debut in the following year. The 
AMX-30 is a comparatively simple tank with a 
hull of welded rolled armour and a cast turret, 
andis the lighest main battle tank of its genera- 
tion. Combined with a moderately powerful 
engine, this produces an impressive power-to- 
weight ratio and thus high performance and 
great agility, which are both features admired 
by the French armoured force. Such sprightli- 
ness has to be bought, however, by com- 
paratively weak protection, and the AMX-30 


GIAT AMX-30B2 
(France) 


Type: main battle tank 

Crew: 4 

Combat weight: 37,000 kg (81,570 Ib) 
Dimensions: length, gun forward 9.48 m (91.1 ft) 
and hull 6.59 m (21.62 ft), width 3.10 m (10.17 1); 
height to turret top 2.20 m (7.51 ft) 

Armament system: one 105-mm (4.13-in) GIAT 
CN-105 (F1) rifled gun with 47 rounds (28 in the 
hull and 19 in the turret), one 20-mm GIAT M621 
(F1) coaxial cannon with 480 rounds or one 0.5.in 
(12.7-mm) Browning machine-gun with 1,050 
founds, one 7.62-mm (0.3-in) GIAT NF1 AA 
machine-gun with 2,050 rounds, and two smoke- 
dischargers on each side of the turret; the turret 
is electro-hydraulically powered. the main gun ic 
stabilized in elevation (—8* to +20°) and 
azimuth (360°), and an optical fire-control system 
is fitted 

Armour: welded and cast steel varying in 
thickness between 20 and 80.8mm (0.79 and 
3.18 in) 

Powerplant: one 522-kW (700-hp) Hispano-Suiza 
HS 110 multi-fuel engine with 970 litres (213 Imp. 
gal.) of fuel 

Performance: speed, road 65 km/h (40.4 mph); 
range, road 600 km (373 miles); fording 1.2m 
(3.9 ft) without preparation, 2.2m (7.2 ft) with 
preparation and 4.0 m (13.1 ft) with snorkel; gra- 
dient 60%; side slope 30%; vertical obstacle 
0.93 т (3.05 ft); trench 2.9m (9.5 ft); ground 
clearance 0.44 m (17.3 in) 


must now be judged obsolescent against the 
heavier modern weapons, especially in flank 
and overhead attacks. This tendency is ex- 
acerbated by the machine's comparatively tall 
silhouette, created by the considerable height 
of the commander's cupola and its 7.62-mm 
(0.3-in) anti-aircraft machine-gun, on top of an 
otherwise admirably low hull and turret. The 
running gear on each side comprises five road 
wheels (the forward four in two-wheel bogies) 
with torsion bar suspension, and there are five 
track-return rollers supporting the inside of the 
track only; the drive sprockets are at the rear 
and the idlers at the front. 

At the time of the AMX-30's design, the 
French ammunition penchant in the anti-tank 
role was for the HESH and then HEAT type, 
and this is naturally reflected in the main arma- 
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AMX-30 


ve 


ment installed in the 360? electro-hydraulically 
or manually traversed turret. The gun is the 
105-mm (4.13-in) GIAT CN105 (F1) rifled ord- 
nance, which weighs 2,470 kg (5,445 Ib) com- 
plete with the 1,800-kg (3,968-Ib) recoiling 
mass, and possesses an L/56 barrel. Apart 
from the HE, smoke and illuminating rounds 
that provide the AMX-30 with a useful support 
capability, the CN-105 (F1)s main anti-tank 
round when first fielded was the HEAT type 
that fires its 10.95-kg (24.14-Ib) projectile with 


а muzzle velocity of 1,000 m (3,281 ft) per se- 
cond: the projectile's hollow-charge warhead 
is carried in a ball race to reduce the spin im- 
parted by the gun's rifling and so enhance its 
destructive effect, and can penetrate 400 mm 
(15.75 in) of armour at an angle of 0° at any 
range. A change in the French tactical 
philosophy followed in the 1970s, and from 
1981 an APFSDS round became available: this 
fires its 5.8-kg (12.79-Ib) projectile with a muz- 
zle velocity of 1,525 m (5,003 ft) per second for 
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An AMX-30 fitted for deep 
wading emerges from a 
river. This battle tank is 
typical of modern French 
practice, which 
emphasizes firepower and 
mobility at the expense of 
protection, resulting in a 
light and comparatively 
cheap vehicle. (ECP 
armées, France) 
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great kinetic energy as the dart, which has a 
diameter of 26 mm (1.02 in) and a weight of 
3.8kg (8.38 10), impacts the target for the 
penetration of 150 mm (5.91 in) of armour at 
an angle of 60° at a range of 5,000m 
(5,470 yards). The AMX-30 possesses an un- 
usual secondary armament, for though the 
coaxial weapon was the standard 0.5-in 
(12.7-mm) heavy machine-gun when the 
AMX-30 began to enter service, this was soon 
replaced by a 20-mm GIAT M693 dual-feed 
cannon (with API and HEI ammunition) to pro- 
vide a potent capability against lightly- 
armoured targets and helicopters. Against this 
latter type of target the cannon’s maximum in- 
dependent elevation angle of + 40° is a useful 
asset. 


The AMX-30 lacks gun stabilization and an 
advanced fire-control system. but has stane 
dard features such as an NBC system and 
night-vision equipment. This results in a tank 
that is somewhat cheaper to buy and easier to 
maintain than equivalent American, British 
and West German main battle tanks, with con- 
sequent advantages in the export market to 
less developed countries: AMX-30 operators 
therefore include (in addition to France) Chile, 
Cyprus, Greece, Iraq, Qatar, Saudi Arabia, 
Spain, the United Arab Emirates and Venez- 
uela. 

The series is still in production, the current 
variant being the upgraded AMX-30 B2 with 
improved transmission, a COTAC integrated 
fire-control system (with a laser rangefinder, 
low-light-level TV and lead-generating com- 
puter) and other operational ennancements, 
such as skirts and appliqué armour for the tur- 
ret. The basic chassis is highly capable, and 
this is reflected in the number of alternative 
roles in which the type is found: the AMX-30D 
armoured recovery vehicle, an armoured 
vehicle-launched bridge, a combat engineer 
tractor, the Pluton surface-to-surface missile 
launcher, the Roland SAM vehicle, the Sha- 
hine SAM vehicle, an anti-aircraft vehicle with 
twin 30-mm radar-controlled cannon in the tur- 
ret, and the GCT 155-mm (6.1-in) self-propelled 
howitzer. 

The French also realized in the 1970s that 
export sales of the AMX-30 might be curtailed 
by the type’s comparatively poor armament 
and protection, and therefore evolved the 
43,000-kg (94,797-Ib) AMX-32 derivative with 
thicker and better-arranged armour, and a 
120-mm (4.72-in) GIAT smooth-bore gun de- 
signed for installation interchangeability with 
the 105-mm (4.13-in) weapon. The 120-mm 
(4.72-in) gun weighs 2,620 kg (5,776 Ib) and 
possesses an overall length of 7.15m 
(281.5 in). The two primary ammunition types 
associated with this weapon are a HEAT round 
firing its 13.9-kg (30.64-Ib) projectile with a 
muzzle velocity of 1,100 m (3,609 ft) per se- 
cond, and an APFSDS round firing its 6.2-kg 
(13.6746) projectile with a muzzle velocity of 
1,700 m (5,577 ft) per second to release a 
3.78-kg (8.3346) dart with very high kinetic 
energy. Two prototypes of the AMX-32 were 
built in 1979 and 1981, but no orders have 
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been placed. The type remains available for 
production, but now only with the 105-mm 
(4.13-in) rifled gun carried by the first 
prototype. 

Another export model that had yet to secure 
a production order is the AMX-40. Unlike the 
AMX-32, which was an AMX-30 derivative, the 
43,700-kg (96,340-Ib) AMX-40 is an all-new 
design with laminate armour over the frontal 
arc and conventional protection in all other 
areas. The type retains many clear similarities 


GIAT AMX-32 
(France) 


Type: main battle tank prototype 

Crew: 4 

Combat weight: 43,000 kg (94,797 Ib) 
Dimensions: length, gun forward 9.45m 
(31.00 ft) and hull 6.59 m (21.62 ft); width 3.24 m. 
(10.6 ft); height 2.29 m (7.51 ft) to top of turret 
Armament system: one 105-mm (4.13-in) gun 
with 47 rounds. One 20-mm cannon with 480 
rounds, one 7.62-mm (0.3-in) machine-gun with 
2,170 rounds and two triple smoke-dischargers 
Armour: unrevealed thicknesses of welded and 
cast steel, spaced steel and composite 
Powerplant: one 595-kW (798-hp) Hispano-Suiza 
HS 110-2-SR multi-fuel engine with 920 litres 
(202 Imp. gal.) of fuel 

Performance: speed, road 65 km/h (40.4 moh); 
range, road 530 km (329 miles); fording 1.3m 
(4.3 ft) without preparation and 2.2 m (7.2 ft) with 
preparation; gradient 60% ; side slope 30%; ver- 
tical obstacle 0.9 m (2.95 ft); trench 2.9 m (9.5 ft); 
ground clearance 0.44 m (17.3 in) 


AMX-32 


2nd Prototype MÀ 


Ammunition for the 
modern battle tank: seen 
with this AMX-40 export 
tank are 20-mm 
ammunition for the 
coaxial weapon, and 
120-mm (4.72-in) 
combustible-case 
ammunition for the 
smooth-bore main 
armament including, 
towards the front, 
APFSDS rounds whose 
projectiles leave the 
muzzle at 1,630-m (5,348 
ft) per second and 
towards the rear, HE anti- 
tank rounds whose 
projectiles leave the 
muzzle at 1,050-m (3,445 
ft) per second. (MARS) 
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AMX-40 
3rd Prototype 
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GIAT AMX-40 
(France) 


Type: main battle tank 
Crew: 4 
Combat weight: 43,700 kg (96,340 Ib) 
Dimensions: length, gun forward 10.05m 
(32.97 ft) and hull 6.80 m (22.31 ft); width 3.35 m 
(10.99 ft) over skirts; height 2.38 m (7.81 ft)to tur- 
ret top and 3.10 m (10.17 ft) to commander's 
«Sight 
Armament system: one 120-mm (4.72-in) GIAT 
smooth-bore gun with 40 rounds, one 20-mm 
GIAT M693 (F2) coaxial cannon with 578 rounds, 
one 7.62-mm (0.3-in) NF1 AA machine-gun with 
2,170 rounds, and three smoke-dischargers on 
each side of the turret; the turret is electro- 
hydraulically powered, the main gun is stabilized 
in elevation (— 8° to + 20°) and azimuth (360°), 
anda COTAC fire-control system is fitted; this last 
combines optical sights, a low-light4evel TV sight, 
various sensors, a laser rangefinder and a 
ballistic computer 
Armour: welded and laminate 
Powerplant: one 970-kW (1,301-hp) Poyaud V12X 
diesel engine with 1100 litres (242 Imp. gal.) of in- 
ternal fuel plus provision for additional fuel in two 
jettisonable external tanks 
Performance: speed, road 70 km/h (43.5 mph); 
range, road 600 km (373 miles) on standard fuel 
and 850 km (528 miles) with auxiliary fuel; fording 
1.8 т (4.3 ft) without preparation, 2.3 m (7.5 ft) 
with preparation and 4.0 m (13.1 ft) with snorkel; 
gradient 70%; side slope 30% ; vertical obstacle 
1.0m (3.28 ft); trench 3.2m (10.5 ft); ground 
clearance 0.45 m (17.7 in) 


to the AMX-30 and AMX-32 in concept and 
layout, but offers significantly improved fire- 
power in the form of the 120-mm (4.72-in) 
smooth-bore gun, much better protection 
and superior mobility through the use of a 
1,301-hp (970-kW) Poyaud V12X diesel dri- 
ving an automatic transmission. 

As replacement for the AMX-30 and AMX-30 
B2 in national service (and also for export), 
France is developing a new main battle tank as 
the AMX-48 Leclerc. This entered into the 
design phase in 1983 after the failure in 1982 
of a Franco-West German collaborative ven- 
ture, and appeared in test-rig form during 1985 
(one for the armament, one for the suspension 
and three for the automotive system). Produc- 


tion is scheduled to begin in 1990 for a service 
entry date of 1992. Current plans envisage the 
building of between 1,100 and 1,400 Leclercs, 
for service well into the next century. The 
specification is as yet unrevealed in its details, 
but a weight in the order of 53,000 kg 
(116,843 Ib) seems likely, and the 1,500-hp 
(1118-kW) Uni Diesel V8X-1500 engine and 
automatic transmission will provide the power- 
to-weight ratio for high performance and con- 
Siderable agility. The main armament is the 
120-mm (4.72-in) smooth-bore weapon origin- 
ally offered on the AMX-32, though in this in- 
stance modified with an automatic loader 
located in the turret bustle with 22 rounds. The 
bustle is separated from the rest of the turret 
by an armoured bulkhead, and its roof is a 
blow-out panel to mitigate the effect of any ex- 
plosion. The use of such a loader in an elec- 
trically powered turret (with emergency man- 
ual controls) reduces the crew requirement to 
three, and in combination with an advanced 
fire-control system (including a digital com- 
puter, various sensors, stabilized optics, a 
laser rangefinder and a thermal-imaging sys- 
tem), this allows the engagement of five 
separate targets within one minute. The pro- 
tection system was initially thought to be an in- 
novative type, with comparatively thin steel ar- 
mour covered completely with reactive 
panels, but it is now clear that laminate armour 
is being used in combination with reactive 
panels. A useful feature of the tank's high 
power-to-weight ratio is the possibility of con- 
Siderable uparmouring without significant loss 
of agility. The running gear comprises six road 
wheels, a rear drive sprocket and a front idler 
on each side, but it has not yet been revealed if 
the suspension will be of the rotary-damped 
torsion bar or hydropneumatic type. 

The Swedish contemporary of the AMX-30. 
is the Strv 103, a fascinating machine that in 
many respects falls outside the normal con- 
cept of a main battle tank as it lacks a turret, 
the 105-mm (4.13-in) main gun being fixed in 
the hull for traverse by movement of the com- 
plete vehicle, and elevation by differential ad- 
justment of the suspension. Such a system 
greatly simplifies the vehicle, reduces its 
silhouette to a marked degree, and allows ex- 
cellently angled armour of considerable thick- 
ness within an overall weight of only 39,700 kg 
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Strv 103B 


———— 


(87,522 Ib). The gun elevation arc lies between 
—10° and +12°. 

The origins of the Strv 103 go back to the 
1950s, when the Swedish army was reliant 
mainly on imported medium and main battle 
tanks (notably 300 Centurions) as it began to 
phase out its indigenous Strv m/40 and Strv 
m/41 light tanks. While development of their 
KRV heavy tank with a 150-mm (5.91-in) 
smooth-bore gun was proceeding, the Swedes 
began to develop a keen interest in the 


AMX-13's oscillating turret. This led rapidly to 
the notion of the main gun fixed in the hull, and 
in the late 1950s development of the KRV was 
halted to allow total concentration on the Strv 
103, which was ordered in 1960, even though 
the first two prototypes did not appear until 
1961. Production by Bofors lasted from 1966 
to 1971, and 300 vehicles were completed. 
The Strv 103 is of unusual configuration, 
with the engine and transmission at the front, 
the fighting compartment in the centre, and 
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Bofors Stridsvagn 103B 
(Sweden) 


Type: main battle tank 

Crew: à 

Combat weight: 39,700 kg (87,522 Ib) 
Dimensions: length overall 8.99 m (29.49 ft) and 
hull 7.04 т (23.10 ft; width 3.63 т (11.91 ft); 
height 2.14 m (7.02 ft)to top of cupola 
Armament system: one 105-mm (4.13-in) Bofors 
L74 (ROF L7) rifled gun with 50 rounds in an 
automatic loader with 10 racks of five rounds, 
three 7.62-mm (0.3-in) FFV ksp58 machine-guns 
(two coaxial and one AA) with 2,750 rounds, 
and four smoke-dischargers on each side of 
the hull; the gun has no stabilization for its ele- 
vation arc of -10° to +12° (and is fixed in 
azimuth), and a simple fire-control system with 
stabilized optical sights is fitted 

Armour. welded steel 

Powerplant: one 240-bhp (179-kW) Rolls-Royce 
K60 multi-fuel engine and one 490-shp (365-kW) 
Boeing 553 gas turbine with 960 litres (211 Imp. 
gal.) of fuel 

Performance: speed, road 50 km/h (31 mph); 
range, road 390 km (242 miles); fording 1.5m 
(4.9 ft) without preparation and with preparation 
amphibious: gradient 58% ; side slope 70%; ver- 
tical obstacle 0.9 m (2.95 ft); trench 2.3 m (7.5 ft); 
ground clearance 0.4 m (15.75 in) 


the automatic loader and magazine at the 
rear. The powerplant is in itself unusual, com- 
prising a 240-Hp (179-kW) Rolls-Royce K.60 
multi-fuel engine and a 490-shp (365-kW) Boe- 
ing 553 gas turbine: these two engines are 
geared to a common output, allowing the 
multi-fuel engine to be complemented in ac- 
tion by the gas turbine. A comparatively simple 
gearbox is used to drive the two front 
sprockets, the rest of the running gear com- 
prising, on each side, four twin road wheels 
identical with those of the Centurion, two 
track-return rollers and a rear idler. The 
suspension is hydropneumatic, a pump being 
used to move fluid between the units to lift or 
lower the suspension at front or back and so 
alter the hull and thus the armament angles to 
exactly the desired degree. 

No details of the Strv 103's armour have 
been released, but this is believed to be simple 
steel plate whose sections are welded to make 
the hull of the tank. The crew comprises the 
driver, who can also lay and fire the main ar- 
mament, on the left of the fighting compart- 
ment, the radio operator/reverse driver on the 
right of the compartment facing the rear, and 
the commander behind the radio operator 
under a raised and azimuth-stabilized cupola 


Designed in the early 
stages of the Second 
World War, the Swedish 
22,850-kg (50,375-Ib) Strv 
m/42 with a short-barrel 
75-mm (2.95-in) gun and 
remained in service right 
into the 1960s. It was 
even rebuilt as the 
modernized Strv 74 
weighing 26,425-kg 
(58,256-Ib) with a longer- 
barrel gun. (Försvarets 
Materiélverk, Sweden) 
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that is used to acquire the target. The com- 
mander then uses the stearing tillers to lay the 
tank on the target: once the target has been 
acquired the commander selects the ap- 
propriate ammunition type, loads the main gun 
and fires. The main gun is the L74, an 1/62 
Swedish development of the British L7 rifled 
gun with an automatic loader and 50-round 
magazine, whose combination of ammunition 
types is selected to reflect the current tactical 
Situation: the loader also provides the im- 
pressive fire rate of 15 rounds per minute. The 
Secondary armament comprises a 7.62-mm 
(0.3-in) machine-gun on the cupola, and two 
fixed machine-guns of the same calibre on the 
left-hand side of the hull. The initial Strv 103A 
had no flotation screen to provide an am- 
phibious capability, but the improved Stry 
103B featured such a screen, which has since 
been retrofitted to Strv 103As: in the water the 
Strv 103 is propelled by its tracks. The Strv 103 
series lacks an NBC system and night-vision 
equipment, but is fitted with a hydraulically ac- 

ч нете * tuated dozer blade for the creation of its own 
a egent С =, fire positions 


Above Though 
resembling a self- 
propelled gun in physical 
concept, the Strv 1038 is 
in fact a true tank with 
gun elevation and 
traverse arcs restored by 
the considerable agility 
and speed of the 
chassis/hull combination. 
(Fórsvarets Materielverk) 


— d — n Q Hán o] Ó—ÀÓM 


Right Members of the 
Swedish army's armoured 
warfare team: the 
revolutionary Strv 1038 
turretless tank and the 
PBv 302 armoured 
personnel carrier. 
(Swedish Army) 
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TAM 


In the late 1980s the Strv 103 fleet was 
modernized with a 290-hp (216-kW) Detroit 
Diesel 6V-71T diesel in place of the Rolls- 
Royce unit, an automatic transmission, a laser 
rangefinder and other updated features. Cur- 
rent investigation of further enhancement of 
this Strv 103C variant is centred on the retro- 
fit of an advanced fire-control system and, as 
possibilities, an NBC system and night-vision 
equipment. 

No other European main battle tanks were 
developed during the 1960s, though the 1970s 
saw the development of the Thyssen Henschel 
TAM to an Argentine requirement, the OTO 
Melara/Fiat OF-40 to meet a perceived export 
need, and the Israeli Ordnance Corps Merkava 
toa purely Israeli requirement. The TAM is one 
of the few modern examples of the medium 
tank, and was designed in West Germany on 
the basis of the Marder mechanized infantry 
combat vehicle to provide the Argentine army 
with a tank that was light enough to be 
unlimited by Argentina's poor internal com- 
munication network and straightforward 
enough for local construction, yet possessing 
the firepower and mobility to match better- 
protected main battle tanks. This decided the 
designers to opt for a 105-mm (4.13-in) gun, 
the eventual type selected being an Argentine 
weapon, though the Rh-105-30 remains an op- 
tion. This main armament is installed in a 
mounting with two-axis stabilization, which is 
located in the three-man welded turret placed 
at the rear of the vehicle in a position that 


minimizes the gun's forward overhang. Only a 
comparatively simple fire-control system is fit- 
ted. The 720-hp (537-kW) MTU MB 833 diesel 
provides the 30,500-kg (67,240-Ib) vehicle with 
a good power-to-weight ratio and lively perfor- 
mance, while the six-wheel torsion bar suspen- 
Sion and welded hull inherited from the Marder 
provide a good cross-country ride and well- 
proved structural strength. 


TAM 
(Argentina/West Germany) 


Type: medium tank 

Crew: 4 

Combat weight: 30,500 kg (67,240 Ib) 
Dimensions: \ength, gun forward 8.23m 
(27.00 ft) and hull 6.775 m (22.23 ft); width 3.12 m 
(10.24 ft); height 2.42 m (7.94 ft) 

Armament system: one 105-mm (4.13-in) gun 
with 50 rounds, two 7.62-mm (0.3-in) machine- 
guns with 6,000 rounds and two quadruple 
smoke-dischargers 

Armour: not revealed 

Powerplant: one 537-kW (720-hp) MTU 833 
Ka-500 diesel engine with 640 litres (143 Imp. 
gal.) of fuel excluding 400 litres (88 Imp. gal.) in 
external tanks 

Performance: speed, road 75 km/h (46.6 mph); 
range, road 550 km (342 miles) on internal fuel 
and 900 km (559 miles) with external fuel; fording 
1.4 m (4.6 ft) without preparation, 2.25 m (7.4 ft) 
with preparation and 4.0m (13.12 ft) with a 
snorkel; gradient 65%; vertical obstacle 1.0m 
(3.28 ft) trench 2.5 m (8.2 ft); ground clearance. 
0.44 m (17.3 in) 
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Thyssen Henschel has also offered the type 
on the export market (so far without success) 
in a revised version known as the TH 301: this 
is externally similar to the TAM, but has the 
Rh-105-30 gun, a more capable fire-control 
System (laser rangefinder, low-light-level TV, 
sensors and computer) and a 750-hp (559-kW) 
diesel to maintain performance at the in- 
creased weight of 31,000 kg (68,342 Ib) 

The Italian OF-40 was developed so that 
OTO Melara and Fiat, the two companies most 
heavily involved in the Italian licence-building 
Programme for the Leopard 1 main battle tank, 
could capitalize on their experience. The 
Leopard 1 licence forbade export production, 
so from 1977 the Italian companies produced 
a perfectly conventional four-man main battle 
tank of welded construction weighing 
45,500 kg (100,309 Ib), powered by an 830-hp 
(619-kW) MTU 90° diesel and carrying as main 
armament an OTO Melara 105-mm (4.13-in) 
52 rifled gun that fires the full range of NATO 
tank ammunition with the aid of an Officine 
Galileo OG14LR fire-control system. This latter 
combines a computer anda laser rangefinder, 
and with the optional two-axis gun stabilization 
System offers a high first-round hit probability, 
even with the tank on the move. The first 
deliveries were made to the United Arab 
Emirates in 1981; and variants of the basic 
vehicle are the OF-40 Mk 2 with the improved 
OG14L2 fire-control system and gun stabiliza- 
tion, and the OF-40 armoured recovery vehi- 
cle. The basic design still has growth potential, 


OTO Melara/Fiat OF-40 Mk 1 
(Italy) 


Type: main battle tank 

Crew: 4 

Combat weight: 45,500 kg (100,309 Ib) 
Dimensions: length, gun forward 9.222m 
(30.26 ft) and hull 6.893 m (22.615 ft); width 
3.35m (10.99ft) with skirts; height 2.76m 
(9.06 ft) to top of sight 

Armament system: one 105-mm (4.13-in) gun 
with 57 rounds, two 7.62-mm (0.3 in) machine- 
guns with 5,700 rounds and two quadruple 
smoke-dischargers 

Armour: not revealed 

Powerplant: one 620-kW (831.5-hp) MTU 90° 
diesel engine with 1000 litres (220 Imp. gal.) of 
fuel 

Performance: speed, road 60 km/h (37.3 mph); 
range, road 600 km (373 miles); fording 1.2m 
(3.94 ft) without preparation, 2.25 m (7.38 ft) with 
preparation and 4.0 m (13.12 ft) with snorkel; gra- 
dient 60%; side slope 30% vertical obstacle 
1.1 m (3.61 ft); trench 3.0 m (9.85 ft); ground 


Clearance 0.44 m (17.3 in) 


and has been used as the basis for self- 
propelled artillery (surface-to-surface and 
surface-to-air). 

Far more capable, however, is the Merkava 
(chariot) designed in the light of Israel's un- 
paralleled experience with modern armoured 
warfare, and produced by the Israel Ordnance 
Corps for the Israeli armoured corps. Up to 
1973 Israel obtained most of its armour initially 
from France and the UK, and then from the 
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USA. In all cases the tanks were modified ex- 
tensively to meet Israel's particular require- 
ments, and emerged as vehicles somewhat 
different from the baseline models in service 
with the originating countri Even before 
their problems in the 1967 'Six-Day-War', the 
Israelis had become increasingly concerned 
about their vulnerability when losses outstrip- 
ped the ability and/or the willingness of the 
originating countries to supply replacements, 
which would then have to be modified in a time- 
consuming process to Israeli standards. Time 
has always been a commodity in short supply 
for the Israeli armed forces, so an indigenous 
tank clearly offered advantages in this situa- 
tion. At the same time an indigenous tank 
design provided the chance for the Israeli ar- 
my to develop and procure a main battle tank 
tailored exactly to its needs: for the Israeli ar- 
moured corps this meant a priority list that 
placed protection of its invaluable crews first, 
firepower second and mobility a poor third. 
Design work on the new tank, which was to 
use as many M48, M60 and Centurion com- 
ponents as possible, began as early as 1967, 
with detail design beginning in 1970. The 
Israelis' priority list conditioned the layout of 


the vehicle, which is unusual in locating the 
engine, transmission, cooling system and fuel 
at the very front of the hull as additional pro- 
tection from head-on fire. It also provides for a 
highly angled nose plate and glacis, which are 
complemented by the excellent ballistic shap- 
ing of the turret against head-on fire. The turret 
also possesses low frontal area and is thus a 
harder target than the substantial turrets of 
other Western main battle tanks: this reflects 
the Israeli's frequent use of the hull-down tac- 
tical position for the ambush of enemy tanks. 
Both the hull and the turret are of cast and 
welded construction, though details and thick- 
nesses have not been revealed. The gunner is 
located just in front and to the left of the turret, 
with the powerful diesel engine to his right: the 
engine is an uprated version of that used in the 
M48 and M60 series, and in combination with 
the same basic transmission offers high 
reliability and useful commonality with other 
parts of Israel's tank fleet. The turret is home 
to the three-man tactical crew (the com- 
mander and gunner on the right and the loader 
on the left) and the main armament, which is a 
105-mm (4.13-in) M68 gun identical with that of 
the M60 and stabilized in two axes for max- 


A rear view of the 
Merkava Mk 1 battle tank 
reveals the twin access 
hatches to the useful rear 
compartment of this 
Israeli battle tank, which 
has the transmission 
System at the front to 
improve frontal 
protection. (israeli 
Defence Forces) 
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imum accuracy with the tank on the move: the 
gun has an elevation arc between -8.5? and 
+ 20°, andis used in conjunction with the Elbit 
Matador Mk 1 fire-control system (laser 
rangefinder, stabilized optics, computer and 
sensors). 

Long-range operations are important in 
Israeli tactical doctrine, and the Merkava's 
substantial fuel load is balanced by a large am- 
munition capacity: 92 rounds are carried in 
special containers, and to reduce vulnerabili- 
ty, none of these are located above the turret 
fing or in the front of the hull. Further protec- 
tion is provided by features such as an NBC 
System and an explosion-suppressing system, 
and standard features include night-vision 
equipment. The Merkava is also unusual 
amongst modern tanks in having a rear com- 
partment: this was originally ti ht to be for 
the carriage of an infantry-squad, but is now 
known to be for the carriage of a 60-mm 
Soltam mortar with 30 bombs, or of additional 
105-mm (4.13-in) ammunition. The compart- 
ment can carry three commandos by the 
sacrifice of 25 main-armament rounds, or 10 
infantrymen by the sacrifice of 45 main- 
armament rounds, but this last is a capability 
used only under exceptional circumstances: 
the Merkava is a battle tank par excellence, 
not an armoured personnel carrier. 

The Merkava possesses a poor power-to- 
weight ratio and thus has only indifferent per- 
formance in comparison with the best of the 
Western battle tanks, but this reflects the 
Israelis' operational philosophy, rather than a 
failing in the design process. Agility is better 
than the performance, the Merkava's running 
gear comprising on each side six Centurion- 
type road wheels with independent helical spr- 
ing suspension; there are four track-return 
rollers on each side, and the drive sprocket 
and idler are at the front and rear respectively. 
The running gear is protected by skirt plates, 
and additional protection on the Merkava in- 
cludes closely shaped chains under the turret 
bustle to prevent the ingress of HEAT war- 
heads to this potentially vulnerable area. 

The Merkava Mk 1 prototype was com- 
pleted in 1977, and the type began to enter 
service in 1979. In 1983 the improved Merkava 
Mk 2 began to enter service. This has a layer of 
'special armour' over the hull front and the tur- 


Israeli Ordnance Corps Merkava 
Mk 1 


(Israel) 


Type: main battle tank 

Crew: 4 

Combat weight: 60,000 kg (132,275 Ib) 
Dimensions: length, gun forward 8.63m 
(28.31 ft) and hull 7.45 m (24.44 ft); width 9.70 m 
(12.14 ft); height to turret top 2.64 m (8.66 ft) and 
to commander's cupola 2.75 m (9.02 ft) 
Armament system: one 105-mm (4.13-in) IMI M68 
rifled gun with 85 rounds, one optional 0,5-in 
(12.7-mm) Browning M2HB heavy machine-gun 
over the main armament, three 7.62-mm (0.9-in) 
FN-MAG machine-guns (one coaxial and two 
roof-mounted) with 10,000 rounds, and one 
60-mm (2.36-in) Soltam Commando mortar with 
30 rounds; the turret is electro-hydraulically 
powered, the main gun Is stabilized in elevation 
(—8.5? to +20°) and azimuth (360°), and an 
Elbit Matador Mk 1 fire-control system is fitted; 
this last combines optical sights, various sen- 
sors, a laser rangefinder and a digital ballistic 
Computer 

Armour: cast and welded steel 

Powerplant: one 900-hp (671-kW) Teledyne Con- 
linental AVDS-1790-6A diesel engine with 
900 litres (198 Imp. gal.) of fuel 

Performance: speed, road 46 km/h (28.6 mph); 
range, road 400 km (249 miles); fording 1.38 m 
(4.5 ft) without preparation and 2.0 m (6.6 ft) with 
preparation; gradient 60% ; side slope 3896; ver- 
tical obstacle 0.95 m (3.12 ft); trench 3.0m 
(9.8 ft); ground clearance 0.47 m (18.5 in) 


ret front and sides, the mortar relocated to the 
left of the turret with provision for loading and 
firing from within the turret, the Matador Mk 2 
fire-control system with better laser range- 
finder and enhanced computer, and an Israeli 
transmission system that improves range by 
25 per cent with only a slight increase in fuel 
capacity. Some sources suggest that the 
original AVDS-1790 engine has been replaced 
by a 1,200-hp (895-kW) version of the same 
basic unit, but this remains unconfirmed. All 
Merkava Mk 1 tanks are being brought up to 
Mk 2 standard. The latest model is the 
Merkava Mk 3, which entered production in 
1987: this has a 1,500-hp (1,118-kW) power- 
pack, a 120-mm (4.72-in) smooth-bore gun, the 
Matador Mk 3 fire-control system offering 100 
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Merkava Mk 1 


per cent improvement over the Mk 1, 
hydropneumatic suspension and new armour 
integrated with the vehicle's overall protective 
system 

Working on the basis of their experience 
with the OF-40 export tank, the Italian con- 
sortium of OTO Melara and Fiat (Iveco) has 
developed a main battle tank tailored specif- 
ically to the requirements of the Italian army. 


This was planned primarily as an OTO Melara 
responsibility, with Iveco undertaking the chief 
responsibility for a companion vehicle, an 8 x 8 
wheeled tank destroyer with as much com- 
monality as possible with the OTO 
Melara/lveco C1 Ariete main battle tank. The 
C1 is basically conventional in structure and 
configuration, with a welded steel armour 
Structure covered, over its frontal arc, with 
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composite armour. The driver is located in the 
hull front, with the commander, gunner and 
loader behind him in the turret, which also ac- 
commodates the 120-mm (4.72-in) OTO 
Melara smooth-bore main gun and the Officine 
Galileo TURMS 001413 fire-control System. 
The fire-control system includes a laser 
rangefinder, stabilized optics, a thermal im- 
ager, a computer and a number of sensors to 
allow the calculation of a high-quality fire- 
control solution for the main gun, which is 
stabilized in two axes. The rear compartment 
is occupied by the powerplant, comprising a 
1,200-hp (895-kW) Fiat V-12 MTCA diesel 
engine and its automatic transmission. The 
running gear comprises rear drive sprockets, 
front idlers, and on each side an arrangement 
of seven road wheels (with torsion bar suspen- 
sion) and an unspecified number of track- 
return rollers; the running gear is protected in 
standard fashion by skirts. Prototype C1s were 
completed in 1987, and production began in 
1988 against a total Italian requirement for 
possibly 250 vehicles. In 1987 it was revealed 
that the Spanish army had decided to adopt 
the C1 as replacement for some of its older 
main battle tanks, and Spain has since 
become a development and production part- 
ner in the programme. Production will be 
undertaken by Santa Barbara in succession to 
the AMX-30 and in preference to the scaled- 
down Leopard 2 proposed by Krauss-Maffei as 
the Lince. 

Other Western-oriented countries that have 
in recent years entered the main battle tank 


production market are Brazil, Japan and South 
Korea. Brazil's effort has been centred on two 
somewhat differing vehicles, the 43,700-kg 
(96,340-b) ENGESA EE-T1 Osorio and the 
30,000-kg (66,138-Ib) Bernardini MB-3 Tamoyo 
(sometimes rendered Tamoio) The Osorio 
was designed to meet both domestic and ex- 
port requirements, and uses either of two tur- 
rets designed by Vickers Defence Systems in. 
the UK: the first of these accommodates a 
105-mm (4.13-in) L7A3 gun with its recoil 
System modified for low recoil, and the second 


ENGESA EE-T1 Osorio 
(Brazil) 


Type: main battle tank 

Crew: 4 

Combat weight: 43,700 kg (96,340 10) 
Dimensions: length, gun forward 9.36 т 
(30.71 ft) and hull 7.13 m (23.39 ft); width 3.256 m 
(10.68 ft); height 2.37 m (7.78 ft) to turret top 
Armament system: one 105-mm (4.13-in) gun 
with 45 rounds, two 7.62-mm (0.3-in) machine- 
guns with 5,000 rounds, and two quadruple 
smoke-dischargers 

Armour: not revealed 

Powerplant: one 746-kW (1,000-hp) MWM TBD. 
234-V12 diesel engine 

Performance: speed, road 70 km/h (43.5 mph); 
range 550 km (342 miles); fording 1.2 m (3.9 ft) 
without preparation and 20m (6.61) with 
preparation; gradient 60%; side slope 40%; ver- 
tical obstacle 1.15 т (3.77 ft); trench 30m 
(9.85 ft); ground clearance 0.46 m (18.1 in) 


Engesa EE- T1 Osorio 
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has a 120-mm (4.72-in) GIAT smooth-bore gun. 
Prototypes were completed in 1984 and 1985, 
and though considerable. interest has been 
displayed by Arab nations as well as by the 
Brazilian army, no production examples had 
been ordered by the early 1990s. The type is 
basically unexceptional in layout and general 
concept, though the structure is unusual for 
main battle tanks in using ENGESA's special 
bi-metallic armour as the primary medium, with 
an ENGESA-developed composite over the 
most vulnerable area. To suit the type for the 
export market the Osorio is offered with a 
choice of two fire-control systems: а simple 
type with a laser rangefinder and unstabilized 
optics, and an advanced type with a laser 
rangefinder, thermal imaging, stabilized optics 
and a multi-sensor input to the computer. 

The Tamoyo is an altogether lighter and 
simpler machine that, like the Argentine/West 
German TAM, should perhaps be classified as 
a medium tank rather than a main battle tank. 
The Tamoyo results from Bernardini's exten- 
sive experience in updating (through a process 
of complete rebuilding) obsolete and obsoles- 
cent light tanks of US origins but still exten- 
sively used in Brazil and other parts of the 
world. The Tamoyo was conceived as partner 
to these vehicles, and the prototype first ap- 
peared in 1983. Like the Osorio, the Tamoyo is 
conventional in configuration and construc- 
tion, with welded steel hull and turret, in- 
cluding spaced armour and, in production 
vehicles, the option of laminate armour. The 
turret accommodates the Bernardini 90-mm 


(3.54-in) main gun. Torsion bar suspension is 
used for the arrangement of six road wheels 
on each side, and the 500-hp (373-kW) Saab- 
Scania 051-14 diesel drives the rear sprockets 
via a manual or optional automatic transmis- 
sion. In 1987 Bernardini revealed the upgrad- 
ed Tamoyo III with a 736-hp (549-kW) Detroit 
Diesel 8V-92TA engine, automatic transmis- 
sion and а 105-mm (4.13-in) L7A3 main gun. 
This offers considerably greater firepower than 
the 90-mm (3.54-in) weapon. By the early 
4990s neither variant had been ordered into 
production. 


Bernardini MB-3 Tamoyo 
(Brazil) 


Type: battle tank 

Crew: 4 

Combat weight: 30,000 kg (66,138 Ib) 
Dimensions: length, gun forward 8.77m 
(28.77 ft) and hull 6.50 m (21 .325 ft); width 3.22 m. 
(10.56 ft); height 2.50 m (8.20 ft) 

Armament system: one 90-mm (3. 54-in) gun with 
68 rounds, one 0.5in (12.7-mm) Browning 
machine-gun with 600 rounds, one 7.62-mm 
(0.3-in) FN-MAG machine-gun with 3,000 rounds 
and two quadruple smoke-dischargers 

Armour: not revealed 

Powerplant: one 375-kW (503-hp) Saab-Scania 
DSI-14 diesel engine with 700 litres (154 Imp. 
gal.) of fuel 

Performance: speed, road 67 km/h (41.6 mph); 
range, road 550 km (342 miles); fording 1.3 т 
(4.625 ft); gradient 60% ; side slope 30% ; vertical 
obstacle 0.71 m (2.33 ft); trench 2.4 т (6.56 ft); 
ground clearance 0.5 m (19.7 in) 


MB 3 Tamoyo 
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Type 61 


Japan is in the unusual position of being pro- 
hibited by its post-Second World War constitu- 
tion from possessing offensive military capab- 
ility, or offering its weapons for export. This 
has placed singular constraints on the 
Japanese defence establishment and in- 
dustry, which are unwilling for national and 
economic reasons to undertake large-scale 
imports and yet lack the large domestic or any 
export market for the cost-effective design 
and construction of primary equipment such 
as battle tanks. Nonetheless the Japanese 
have opted to produce such tanks for the 
limited market offered by their army. The first 
main battle tank designed by the Japanese 
after the Second World War was the Type 61, 
which was standardized for production in 1961 
after a protracted development phase from 
1954: four prototypes appeared in 1957, and 
were followed by 12 pre-production vehicles. 
Service deliveries began in 1962, and by the 
time production was completed by Mitsubishi 
in 1970, some 560 Type 61s had been com- 
pleted. 

The 35,000-kg (77,160-Ib) Type 61 is still in 
Service, but thoroughly obsolete. In overall 
design the tank is similar to American tanks of 
the same period, with a welded hull, cast tur- 
ret, torsion bar suspension and 600-hp 
(447-kW) Mitsubishi Type 12 HM 21 WT diesel 
engine plus mechanical transmission. The 
main armament is unstabilized and provided 
with a simple optical fire-control system, and 
comprises a 90-mm (3.54-in) Japan Steel 
Works Type 61 rifled gun. Signs of the design's 


Type 61 
(Japan) 


Type: main battle tank 

Crew: 4 

Combat weight: 35,000 kg (77,160 Ib) 
Dimensions: length, gun forward 8.19m 
(26.87 ft) and hull 6.30 m (20.57 ft); width 2.95 m 
(9.68 ft); height 2.49 m (8.17 ft) to turret roof 
Armament system: one 90-mm (3.54-in) gun, one 
0.54п (12.7-mm) Browning machine-gun, one 
0.3-in (7.62-mm) Browning machine-gun, and two 
triple smoke-dischargers 

Armour: between 15 and 64mm (0.59 and 
2.52 in) 

Powerplant: one 447-kW (600-hp) Mitsubishi Type 
12 HM 21 WT diesel engine 

Performance: speed, road 45 km/h (28 mph); 
range, road 200 km (124 miles); fording 0.99 m 
(3.25 ft) without preparation; gradient 60% ; ver- 
tical obstacle 0.685 m (2.25 ft); trench 2.489 т 


(8.17 ft); ground clearance 0.4 m (15.75 in) 


age can be seen in the Type 61's lack of stan- 
dard features such as NBC protection and 
passive night-vision equipment. Variants of the 
basic type were produced as the Type 67 ar- 
moured vehicle-launched bridge, the Type 67 
armoured engineer vehicle and the Type 70 ar- 
moured recovery vehicle. 

Design of a Type 61 successor began in the 
same year that this first type began to enter 
service. But whereas Type 61 had been con- 
ceived almost entirely by the Ground Ar- 
maments Directorate of the Technical Re- 
search and Development Headquarters, the 
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new Type 74 was planned by the army in col- 
laboration with Mitsubishi, the designated 
manufacturer. Various test rigs were built and 
trialled to validate the main features between 
1964 and 1967, and construction of prototypes 
was launched in 1968. These were the 1969 
STB-1 variant with an automatically loaded 
105-mm (4.13-in) L7A1 gun, licence-built by 
Japan Steel Works, and a remotely controlled 
0.5-in (12.7-mm) machine-gun, and the 1971 
STB-3 with a manually loaded main gun, man- 
ually-operated machine-gun and an elongated 
turret with a stretched bustle. This latter 
variant was standardized for production in 
1973, the first Type 74s appearing in the 
following year. Production lasted in to the late 
1980s, resulting in some 850 tanks. 

Like the Type 61, the 38,000-kg (83,774-Ib) 
Type 74 is entirely conventional in layout and 
construction, with a welded hull and cast tur- 
ret, the latter accommodating the comman- 
der, gunner and loader as well as the 105-mm 
(4.13-in) main ordnance firing the standard 
NATO range of ammunition, supplemented 
from 1985 by the American M735 APFSDS 
round. A new recoil mechanism was 
developed for the licence-built weapon, reduc- 
ing the frontal area of the turret to a tactically 
advantageous degree. The main armament 
has two-axis stabilization, and is used with a 
moderately advanced fire-control system with 
sensors, a laser rangefinder and a ballistic 
computer. The main armament can be ele- 
vated in an arc between -6.5° and +9.5°, 
though maximum depression and elevation 
angles of -12.5° and + 15° can be obtained 
with the aid of differential adjustment of the 
‘kneeling’ hydropneumatic suspension for the 
five road wheels on each side: this suspension 
can also be adjusted collectively to modify 
ground clearance between 0.2 and 0.65m 
(7.87 and 25.6in) to suit the ground being 
crossed, and laterally to tilt the tank a max- 
imum of 9° left and right. Standard equipment 
for the four-man Type 74 includes the NBC 
system and active night-vision equipment. The 
same basic hull is used for the Type 78 ar- 
moured recovery vehicle and a self-propelled 
anti-aircraft vehicle under development with 
two radar-controlled 35-mm cannon. 

The latest Japanese tank entered produc- 
tion as the Type 90, after development as the 


TK-X. Development of this modern vehicle was 
begun during 1976 by the Technical Research 
Headquarters of the Japanese Self-Defence 
Agency, with collaboration by Mitsubishi (tank 
and fire-contro system) and Japan Steel 
Works (main armament). Prototypes appeared 
in 1986, and the Type 90 entered production 
in the early 1990s as a considerably more 
advanced main battle tank than those previ- 
ously fielded by the Japanese Ground Self- 
Defence Force, as the army is officially 
designated. The new tank has a 1,500-hp 
(1,118-kW) Mitsubishi 10ZG diesel for a high 
power-to-weight ratio at a combat weight of 
about 50,000 kg (110,229 Ib), and has multi- 
layer armour with ceramic pockets for a high 
level of protection against all types of weapon. 
It was originally planned to fit the Type 90 with 
a Japanese-designed 120-mm (4.72-in) main 
gun, but it was finally decided to adopt 
the West German Rheinmetall Rh-120 weapon 


The Type 74 battle tank is 
a useful but not very 
advanced vehicle that has 
nonetheless served the 
Japanese army well and 
paved the way for more 
ambitious vehicles 
(Japanese Defense 
Forces) 
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with an automatic loader so that the total 
crew requirement is only three. The main 
armament has two-axis stabilization, and the 
advanced fire-control system includes a 
high-speed digital computer, laser range- 
finder stabilized optics and a number of 
other sensors. 

Though South Korea is now producing its 
own main battle tank as the Hyundai K-1, this 
vehicle was in fact designed in the USA to an 
exacting South Korean specification by 
Chrysler Defense (now the General Dynamics 
Land Systems Division). The K-1 has strong 
conceptual affinity to the Americans’ M1 


Abrams, which is not surprising, given the in- 
volvement of General Dynamics in both 
designs, but is a lighter and smaller vehicle, 
better suited to the mountainous terrain of the 
border region between North and South 
Korea. It is believed that the South Korean re- 
quirement is for some 700 K-1s, but like the 
Brazilian Osorio the type will almost certainly 
be offered for export at a highly competitive 
price. Details of the protection have not been 
released, but it is believed that composites 
feature strongly in the overall scheme. In 
layout the K-1 is conventional, with the driver 
in the forward compartment, the commander, 
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Mitsubishi Type 74 
(Japan) 


Type: main battle tank 

Crew: 4 

Combat weight: 38,000 kg (83,774 Ib) 
Dimensions: length, gun forward 9.41m 
(30.87 ft) and hull 6.70 m (21.98 ft); width 3.18 m 
(10.43 ft); height to turret top 2.48 m (8.14 ft) 
Armament system: one 105-mm (4.13-in) ROF 
L7A1 rifled gun with 55 rounds, one 7.62-mm 
(0.3-in) Type 74 coaxial machine-gun with 4,500 
rounds, one 0.5-in (12.7-mm) Browning M2HB AA 
machine-gun with 660 rounds, and three smoke- 
dischargers on each side of the turret, the turret 
is electrically powered, the main gun is stabilized 
in elevation (— 12.5? to + 15° using the suspen- 
sion or —6.5° to +9.5° mechanically) and in 
azimuth (360°), and a Mitsubishi fire-control 
‘system is fitted; this last combines optical sights, 
a laser rangefinder and a ballistic computer. 
Armour: cast and welded steel 

Powerplant: one 559-kW (750-hp) Mitsubishi 
10ZF Type 22 WT diesel engine with 950 litres 
(209 Imp. gal.) of fuel 

Performance: speed, road 53 km/h (33.0 mph); 
range, road 300 km (186 miles); fording 1.0 т 
(8.3 ft) without preparation and 2.0 m (6.6 ft) with 
preparation; gradient 60% ; side slope 40%; ver- 
tical obstacle 1.0 m (3.28 ft); trench 2.7 m (8.9 ft); 
ground clearance adjustable from 0.2 to 0.65 m 
(7.9 to 25.6 in) 


gunner and loader in the turret complete with 
the 105-mm (4.13-in) M68 main armament, 
and the 1,200-hp (895-kW) MTU MB 871 
Ka-501 diesel in the rear compartment, 
together with the popular West German 


transmission also used in the Brazilian Osorio, 
French AMX-40 and Italian C1. The suspen- 
Sion is a hybrid type with torsion bars for the 
central road wheels and hydropneumatic units 
for the front and rear road wheels: differential 
use of the hyrdropneumatic units is believed to 
add 3? more to the main armament's max- 
imum mechanical depression of -7?. A special 
fire-control system with advanced sensors 
and features has been developed by Hughes 
Aircraft. The K-1 clearly offers very con- 
Siderable operational capability, and produc- 
tion in South Korea will certainly combine 
quality and economy. 


K-1 
(South Korea) 


Type: main battle tank 


Crew: 4 
Combat weight: 52,000 kg (114,638 Ib) 
Dimensions: length, gun forward 9.58m 


(31.43 ft) and hull 7.39 m (24.25 ft); width 3.59 m 
(11.79 ft) with skirts; height 2.25 m (7.38 ft) 
Armament system: one 105-mm (4.13-in) gun 
with 47 rounds, one 0.5-in (12.7-mm) Browning 
machine-gun with 1,000 rounds, two 7.62-mm 
(0.3-in) machine-guns with 11,400 rounds, and 
‘one sextuple smoke-discharger 

Armour: not revealed 

Powerplant: one 1,200-hp (895-kW) MTU 871 
Ka-501 diesel engine 

Performance: speed, road 65 kn/h; range, road 
500 km (311 miles); fording 1.2 m (3.9 ft) without 
preparation and 1.8 m (5.9 ft) with preparation; 
gradient 50%; verticle obstacle 1.0 m (3.3 ft); 
trench 2.74 m (9.0 ft); ground clearance 0.46 m 
(18 in) 


XK- 1 
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The MBT-70 programme 
eventually came to 
nothing, though the 
design and technology 
efforts paid off with 
dividends in the M1 
Abrams. This is the 
Second prototype, seen at 
the Aberdeen Proving 
Grounds with the 152-mm 
(6-in) launcher for 
Shillelagh missiles and 
conventional projectiles 
(US Army) 


The only other main battle tank in Western 
service is the Americans’ most important 
weapon of this type, the M1 Abrams. This vehi- 
cle marks a turning point in main battle tank 
design, as it is the world’s first such machine 
to use a gas turbine as its sole automotive 
engine. The origins of the type lie with West 
Germany's 1970 decision to pull out of the 
German-American MBT-70 programme and to 
concentrate instead on an indigenous tank 
(the Leopard 2). This left the Americans with 
the need to develop an M60-series successor 
as rapidly as possible: the MBT-70 had offered 
considerable firepower in the form of the 
152-mm (5.98-іп) gun/launcher for conven- 
tional ammunition and the MGM-51 Shillelagh 
anti-tank missile, a three-man crew through 
the use of an automatic loader, and a max- 
imum speed of 44 mph (70.8 km/h) through the 
use of a 1,500-hp (1,118-kW) engine. The ap- 
parently logical starting point was a so-called 
'austere' version of the MBT-70, designated 
ХМ803, but this was cancelled by the US Con- 
gress late in 1971 on the ground of its great 
cost and  exorbitantly high levels of 


sophistication. 

In December 1971 the US Army therefore 
decided to start from scratch with ап 
altogether new programme resulting in XM1 
Prototypes from the Chrysler Corporation 


(M60-series contractor) and the Detroit Diesel 
Allison Division of the General Motore Cor 
poration (MBT-70 contractor). The army neede 
ed competitive prototypes of a tank that would 
provide significantly better protection and 
mobility than those possessed by the M60. 
while in the short term at least the same main: 
armament was retained, though with a supe- 
rior fire-control system to generate a higher 
first-round hit probability with the tank on the 
move. The competing prototypes were 
delivered in February 1976, and a period of exe 
haustive trials was started. In November of tne 
Same year it was announced that the Chrysler 
prototype had been chosén for full-scale en- 
gineering development, though the Leopard 
2AV (Austere Version) was kept under test to 
Provide a back-up design in the event of the 
American tank's subsequent failure. Some 11 
XM1 pre-production vehicles were completed 
between February and July 1978, and the first 
M1 Abrams main battle tanks emerged from 
the Lima Army Tank Plant in February 1980, a 
second supply source coming on stream in 
1982 at the Detroit Arsenal Tank Plant, whose 
operation was sold by Chrysler to General 
Dynamics in March 1982. Production totals for 
the Abrams rose steadily from the initial 3,312 
to 7,058 by the end of Fiscal Year 1988, and 
this figure was increased during 1984 to 7,467 
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to be delivered by the same date: production 
ran at 30 vehicles per month in 1981, then at 
60 vehicles a month from January 1982 to 
December 1983, and finally at 70 vehicles per 
month from January 1984. This provides strik- 
ing evidence of the importance attached to the 
Abrams' programme by the US Army, which 
planned to field 89 M1 battalions by the early 
1990s. 

In basic layout the Abrams is completely 
conventional, but in structure the tank reflects 
advances made in recent years with protec- 
tion: the Abrams is thus made of the same type 
of composite armour as the Challenger and 
Leopard 2, and this explains the angularity of 
the tank's external contours, which are condi- 
tioned by the inflexibility of the protective 
material added over the core structure. 

The driver is located in the centre of the 
vehicle's forward compartment, and is seated 
in a semi-teclining position so that the hull 
front can be kept low and well angled against 
head-on fire. Behind the driver's position is the 
turret, which had electro-hydraulic traverse 
with manual control for emergency use. The 
main armament is the 105-mm (4.13-in) M68 


rifled gun, which is stabilized in two axes and 
has power elevation in an arc between -9° and 


+20°; the commander and gunner are 
located to the right of the weapon, and the 
loader to its left. The fire-control system in- 
cludes a Computing Devices of Canada high- 
speed solid-state digital computer, a Hughes 
Aircraft Company laser rangefinder, a Hughes 
Aircraft Company stabilized day/night sight 
and automatic sensors for static cant and wind 
direction/speed. The inputs from these sen- 
Sors go directly to the computer, and the crew 
have then to add figures for battle sight range, 
ammunition type, ammunition temperature, 
barrel wear, muzzle reference compensation 
and barometric pressure, so that the fire- 
control solution can be integrated for a high 
first-round hit probability that has become one 
of the cornerstones of modern armoured tac- 
tics, where there is seldom a chance for a se- 
cond aimed shot. 

Protection within the turret is to a very high 
order, with sliding doors and spall-protected 
boxes complemented by а fast-acting 
fire/explosion-suppressing system and all 
ready-use ammunition is located behind doors 


The XM1's angular shape 


is necessitated by the 
extensive use of 


compositer armour, which 


can be produced only 
flat plates. (Chrysler 
Corporation) 


in 
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in the turret bustle. The upper surface of the 
bustle is designed to blow off in two panels 
during an explosion and so allow the ammuni- 
tion's main destructive potential to be dissip- 
ated upwards and backwards. 

Under the raised rear decking typical of 
most modern battle tanks is the unusual 
engine, a 1,500-shp (1,11 8-ekW) Avco Lycom- 
ing AGT-1500 gas turbine. The power 
delivered to the rear drive Sprockets by the gas 
turbine is greater than that from a similarly 
fated diesel, because of the gas turbine's 
reduced Cooling requirement and, together 
With its compact size and Supposedly high 
levels of reliability, this was one of the reasons 
for this engine type's selection. The greater 
power of the gas turbine does give the M1 far 
livelier performance that the M60A3, however, 
and another advantage is the fact that the 
engine can be run on diesel oil or kerosene, or 
in an emergency on petrol; the fuel tanks are 
Separated from the crew compartment by an 
armoured bulkhead for increased safety. On 
the debit side of the account, however, are the 
engine's comparative lack of ruggedness, its 
high thermal signature which makes the M1 
more vulnerable to heat-seeking missiles than 
diesel-engined tanks, and a Specific fuel con- 
‘sumption high enough to offset the additional 
fuel capacity made Possible by the smaller 
engine: thus the M1 attains a range of 
310 miles (499 km) on 504 US gal. (1,908 
litres) of fuel, while the comparable figures 
for the M60A3 are 300 miles (483 km) on 375 
US gal. (1,420 litres). 

The engine drives the Sprockets via a fully 
automatic transmission, which also offers in- 
tegral braking, variable hydrostatic steering 
and pivot steering. On each Side, the running 
gear comprises seven road wheels, two track- 
return rollers and a forward idler, and the use 
of an improved torsion bar Suspension allows 
independent vertical movement of 15in 
(0.381 m) to each road wheel, compared to 
only 6.4 in (0.163 m) on the M60 series: this 
translates into far superior ride at Speed and 
across country. The upper part of the 
trackwork and Suspension is protected by 
Skirts. Standard features are NBC protection 
by an overpressure System, passive night- 
vision equipment, and a bank of six dischar- 
gers for smoke grenades on each Side of the 


General Dynamics M1 Abrams 
(USA) 


Type: main battle tank 

Crew: 4 

Combat weight: 120,250 Ib (54,545 kg) 
Dimensions: length, gun forward 32.04 ft 
(9.766 т) and hull 2508& (7.019 т); width 
11.98 П (3.653 m); height overall 9.465 ft 
(2.885 m) 

Armament system: one 105-mm (4.13-in) M68E1 | 
rifled gun with 55 rounds, two M240 7.62-mm. 
(0.34п) machine-guns (one coaxial and one AA) 
with 12,400 rounds, one 0.5.in (12.7-mm) Brown- 
ing M2HB AA machine-gun with 1,000 rounds, 
and six smoke-dischargers on each side of the 
turret; the type can also generate smoke by injec- 
ting fuel into the exhaust system: the turret is 
electro-hydraulically powered, tne main gun is. 
stabilized in elevation (—9* to +20°) and 
azimuth (360*) and a Computing Devices/ 
Hughes/Kollmorgen ^ advanced _fire-control 
System is fitted; this last combines stabilized 
day/night optical and thermal sights, a laser 
rangefinder, various sensors and a ballistic 
computer 

Armour: laminate and steel 

Powerplant: опе 1,500-hp (1118-kW) Avco 
Lycoming AGT-1500 gas turbine with 504 US 
gal. (1908 litres) of fuel 

Performance: speed, road 45 mph (72.4 km/h); 
range, road 310 miles (499 km); fording 4.0 ft 
(1.22 m) without preparation and 7.8 ft (2.375 m) 
with preparation; gradient 60% ; side slope 40%; 
vertical obstacle 4.08ft (1.244 m); trench 9.0 ft 
(2.74 m); ground clearance 17 in (0.43 m) 


turret. 

The last 894 M1s were completed to the Im- 
Proved M1 Abrams standard with enhanced 
Protection. 

Production then switched to the definitive 
M1A1 Abrams, which began to enter service in 
August 1985. This has the enhanced protec- 
tion of the Improved M1, a number of detail im- 
provements, three rather than two blow-off 
panels in the turret roof, integral engine smoke 
generators, an integrated NBC System that 
Provides the standard conditioned breathing 
air and also heating or cooling for those occa- 
sions when the crew are using NBC suits and 
face masks. The most important modification, 
however, is the use of the 120-mm (4.72-in) 
Rheinmetall Rh-120 smooth-bore gun in place 
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The M1 Abrams battle 
tank at speed, 
emphasizing the type's 
low silhouette. (US Army) 


of the original 105-mm (4.13-in) M68 rifled 
weapon for greater offensive capability and 
longer range. The gun mounting was designed 
with this change in view, so the disruption to 
production caused by the armament change 
was minimal. The considerably larger am- 
munition of the 120-mm (4.72-in) gun made a 
reduction in ammunition capacities inevitable: 
in the M1, stowage is provided for 55 rounds 
(44 inleft- and right-hand bustle compartments 
each surmounted by a blow-off panel, eight in 
a hull compartment and three in spallproof 
boxes on the turret basket) while in the M1A1 
this declines to 40 rounds (36 in left-hand, cen- 
tral and right-hand bustle compartments, each 
surmounted by a blow-off panel, and four in a 
rear hull box). 

Enhancement of the M1A1 has continued at 
a steady pace. M1A1 Block II vehicles have a 
number of detail improvements as well as an 
improved commander's position with an in- 
dependent thermal viewer, and the M1A1 
Block III is a General Dynamics proposal with 
a three-man crew made possible by the addi- 
tion of an automatic loading system, rapid re- 
fuelling and reammunitioning capabilities and 
improved suspension. The Abrams has suf- 
fered its fair share of problems as it entered 
service, butin its M1A1 form is certainly one of 
the best tanks in the world today, with a large 
measure of development capacity still ahead 
338 of it. 


On the other side of the political divide 
separating the two superpowers and their 
blocs of adherents and clients, the develop- 
ment of main battle tanks proceeded apace in 
the 1960s and 1970s. In the communist bloc 
the capability to design heavy armour was 
retained exclusively by the USSR, which 
in the late 1950s began to plan the T-62 main 
battle tank as the successor to the T-55 and 
T-55 series with the same levels of protection 
and mobility, but usefully increased firepower 
in the form of a 115-mm (4.53-in) U-5TS (or 
2A20) smooth-bore gun fitted with a fume ex- 
tractor and two-axis stabilization: an unusual 
feature of this gun is its integral spent case 
ejection system, activated by the recoil of the 
gun. This is a useful feature, but had to be 
bought by a limitation in fire rate to only four 
rounds per minute with the tank stationary, as 
the gun has to be brought to an elevation of ex- 
actly + 3° 30° for the ejection system to func- 
tion. The gun fires fin-stabilized projectiles, the 
FRAG-HE type leaving the muzzle at 750m 
(2,461 ft) per second, the HEAT type at 900 m 
(2,953 ft) per second to penetrate 430 mm 
(16.9 in) of armour at any range, and the APFS- 
DS type with a muzzle velocity of 1,680 m 
(5,512 ft) per second, to penetrate 330 mm 
(13in) of armour at a range of 1,000m 
(1,095 yards). Turret risks are reduced by the 
carriage of only four ready-use rounds actually 
in the turret, the balance of 36 rounds being 
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carried below the turret ring (16 to the right of 
the driver and 20 in the rear of the fighting 
compartment). 

The cast turret resembles that of the T-54 
and T-55 series, but the welded hull is both 
longer and wider than that of the earlier series, 
with a different spacing of the road wheels. In 
other essential respects the T-62 is very 
similar to the T-55 it succeeded, and began to 
enter production during 1961 for service in 
1963. The construction programme in the 
USSR lasted until 1975 and accounted for 
about 20,000 tanks, complemented by another 
1,500 from a Czech line between 1973 and 
1978, and an unknown number from a North 
Korean line that is currently producing tanks 
for the domestic and continued export mar- 
kets. 

The T-62 is still in very widespread service. 
and continues as one of the East European 


forces’ most important first-line assets. The 
standard features of the tank include an NBC 
system, active night-vision equipment and a 
snorkel to permit wading to a maximum depth 
of 5.5 m (18.05 ft), and its adequate range on 
internal fuel can be boosted by up to 200 km 
(124 miles) with an additional 685 litres 
(151 Imp. gal.) of fuel carried in main and sup- 
plementary external tankage. The T-62 has 
been extensively used in combat, especially in 
the Middle East. The type has acquitted itself 
well, the high level of protection provided by its 
well-sloped armour being particularly notable. 
However, in common with other Soviet tanks 
this protective capability is made all the more 
valuable (or perhaps invaluable) by the main 
armament's poor elevation arc of -4° to 
+ 17°: the former figure means that a hull- 
down firing position is difficult to obtain. The 
T-62 is also limited in offensive capability by its 


Compared with the 
T-54[T-55 series, the T-62 
has a comparatively wider 
and lower hull, and its 
main armament is fitted 
with a fume extractor. 
These are Т-62А tanks on 
their way to the southern 
USSR as part of the 
Soviet withdrawal from 
Afghanistan in 1988. 
(Novosti Press Agency) 
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comparatively simple fire-control System. 
Given its importance and longevity, it is 

hardly surprising that the T-62 has appeared in 

variant form, but perhaps surprisingly these 


variants are relatively few in number. Numer- 
ically the most important of these is the T-62A, 
which has a turret of revised shape and dif. 
ferent size, together with a rotating cupola 
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mounting (plus external 12.7-mm/0.5-in 
machine-gun) in place of the fixed loader's 
hatch of the T-62. It is also believed that an im- 
proved fire-control system and night-vision 
equipment have been fitted, the former to a 
standard comparable with that of the M60A1 
with a ballistic computer, laser rangefinder 
and various sensors. A derivative of the T-62A 
is the T-62M with ‘live’ tracks for longer life and 
better performance. In common with other 
Soviet gun tanks in service with erstwhile 
Soviet allies, the T-62 can now be revised with 
Western main armament, in the form princip- 
ally of the 105-mm (4.13-in) L7 series rifled gun 
produced by the Royal Ordnance Factories 
(now Royal Ordnance); modification of the 
main armament and mounting is generally ac- 
companied by wholesale revision, updating or 
replacement of the fire-control system. As an 


T-62 

(USSR) 

Type: main battle tank 

Crew: 4 

Combat weight: 40,000 kg (88,183 Ib) 
Dimensions: length, gun forward 9.335 m 


(30.63 ft) and hull 6.63 m (21.75 ft); width 3.30 m 
(10.83 ft); height 2.395 m (7.86 ft) 

Armament system: one 115-mm (4.53-in) U-5TS 
(2A20) smooth-bore gun with 40 rounds (16 in the 
hull and 24 in the turret), and one 7.62-mm (0.3-in) 
PKT coaxial machine-gun with 2,500 rounds; the 
turret is electro-hydraulically powered, the main 
gun is stabilized in elevation — 4° to + 17°) and 
azimuth (360°), and an optical fire-control system 
is fitted; the type can generate smoke by injec- 
ting fuel into the exhaust system 

Armour: cast and welded steel varying in 
thickness between 14 and 242mm (0.59 and 
9.53 in) 

Powerplant: one 432-kW (580-hp) V-55 diesel 
engine with 675 litres (148 Imp. gal.) of fuel provi- 
sion for 285 litres (63 Imp. gal.) of external fuel 
and additional provision for 400 litres (88 Imp. 
gal.) of supplementary external fuel in two jet- 
tisonable tanks 

Performance: speed, road 50 km/h (31 mph); 
range, road 450 km (280 miles) on internal fuel 
and 650 km (404 miles) with external fuel; fording 
1.4m (4.6 ft) without preparation and 5.5m 
(18.0 ft) with snorkel; gradient 60%; vertical 
obstacle 0.8 m (2.625 ft); trench 2.85 m (9.35 ft); 
ground clearance 0.43 m (17 in) 


alternative to the L7 gun, moreover, Royal Ord- 
nance offers a British-designed 115-mm 
(4.53-in) smooth-bore barrel with higher perfor- 
mance than the Soviet original. 

Other T-62 variants include a T-62K com- 
mand tank with a land navigation system and 
extra communications equipment, a T-62 
flamethrower with a flame gun located coax- 
ially with the main armament in place of the 
standard 7.62-mm (0.3-in) machine-gun, and 
the M1977 armoured recovery vehicle. 

Like the Americans and other major tank- 
producing nations, the USSR has for some 
time operated on the principle of starting the 
search for a successor as soon as any major 
type has entered production. In the case of the 
T-62 this process led to the development of the 
T-64. Several prototypes were trialled in the 
period up to 1966, when the decision was 
made to place the best in production as the 
T-64, which was designated the M1970 in 
Western terminology for lack of information 
about the proper designation. It is uncertain 
when the T-64 began to enter service, but the 
type is operated only by the Soviet forces and 
is believed to have been manufactured bet- 
ween 1966 and 1971, though the production 


The T-62 is the final 
expression of the design 
concept pioneered with 
the T-54, and began to 
enter service in the early 
1960s. It is admirably low 
in silhouette, but this 
tactical advantage has to 
be bought at the expense 
of a main armament 
depression angle limited 
to -4°, effectively 
negating the vehicle's 
chances of adopting a 
genuine hull-down 
position. (US Army) 
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One of the most important 
features of Soviet tank 
design in the period after 
the end of the Second 
World War has been the 
retention, on vehicles such 
as these T-62s, of the 
excellently shaped turret 
without shot traps. The 
basic turret shape allows 
the installation of a large- 
calibre gun and provides 
very good ballistic 
protection, while its poorer 
features include 
comparatively little internal 
volume and a limited 
depression angle for the 
main gun. 
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line remained open until 1981 for the remanu- 
facture of earlier vehicles. Total production is 
thought to have been in the order of 8,000 
vehicles. Taken in combination, factors such 
as a comparatively small production run, alate 
service entry date and an extensive remanu- 
facturing programme suggest that there were 
severe problems with the type. It is also pro- 
bable that the Soviets had a high expectation 
of the type, which resulted in remanufacture 
rather than cancellation of the project. 

The initial M1970 version was probably a 
large-scale pre-production type with a turret 
basically similar to that of the T-64, but con- 
siderably different hull, running gear and 
engine. The turret is located slightly farther to 
the rear, and the welded hull uses a more ad- 
vanced type of armour than the rolled plate us- 
ed in the T-62. Whereas the T-54 and its im- 
mediate successors have medium-diameter 
road wheels without track-return rollers, the 
M1970 and its progeny have six small-dia- 
meter road wheels per side instead of the 
earlier tanks’ five larger wheels, four track- 
return rollers per side to support the inside of 
the track, and hydropneumatic rather than tor- 
sion bar suspension. The idlers are at the front, 
leaving the drive sprockets to be located at the 
rear where they are powered by hydraulically- 
assisted transmission driven by a new type of 
engine, a five-cylinder opposed-piston diesel 
engine. 


The M1970 is fitted with a 115-mm (4.53-in) 
Smooth-bore gun, but the T-64 ‘datinitiva’ pra- 
duction version has a 125mm (4.92-in) 
D-81TM Rapira 3 (or 2A46) smooth-bore gun, 
an altogether more powerful weapon fitted 
with an automatic loader to allow a reduction 
in crew from the M1970's four to the T-64'g 
three. The carousel automatic loader contains 
24 separate-oading rounds with semi- 
combustible cases, and the main fin-stabilized 
projectile types associated with the Rapira 2 
gun are FRAG-HE fired with a muzzle velocity 
of 850 m (2,789 ft) per second, HEAT fired with 
a muzzle velocity of 900 m (2.952 ft) per se- 
cond to penetrate 475 mm (18.7 in) of armour 
atarange of 1,000 m (1,095 yards), and APFS- 
DS fired with a muzzle velocity of 1,615 m 
(5,299 ft) per second to penetrate 300 mm 
(11.8 in) of armour at a range of 4,000 m 


T-64 

(USSR) 

Type: main battle tank 

Crew: 3 

Combat weight: 42,000 kg (92,593 Ib) 
Dimensions: length, gun forward 990m 


(82.48 ft) and hull 7.40 m (24.28 ft); width 4.64 m 
(15.22 ft)over skirts; height 2.20 m (7.22 ft)to top 
of cupola 

Armament system: one 125-mm (4.92-in) 2A46 
Rapira 3 smooth-bore gun with 40 rounds, one 
7.62-mm (0.3-in) PKT coaxial machine-gun with 
3,000 rounds, and one 12.7-mm (0.5-in) NSVT AA 
machine-gun with 500 rounds; the turret is elec- 
trically powered, the main gun is stabilized in 
elevation (— 5° to + 18°) and azimuth (360°), 
and a fire-control system is fitted; the last com- 
bines optical sights and a ballistic computer; the 
type can generate smoke by injecting fuel into 
the exhaust system 

Armour: cast and composite 

Powerplant: one 559-kW (750-hp) five-cylinder 
diesel engine with 1,000 litres (220 Imp. gal.) of 
fuel plus provision for 400 litres (88 Imp. gal.) of 
additional fuel in two jettisonable external tanks 
Performance: speed, road 75 km/h (46.6 mph); 
range, road 400 km (249 miles) on internal fuel 
and 600 km (373 miles) with auxiliary fuel; fording 
1.4m (4.6 ft) without preparation and 5.5m 
(18.0 ft) with snorkel; gradient 60%; side slope 
40%; vertical obstacle 0.915 m (3.0 ft); trench 
272m (8.91); ground clearance 0.377 т 
(14.8 in) 
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(1,095 yards). The gun is stabilized in two axes, 
has a larger-than-usual elevation arc (from -5° 
to + 18?) and is used with an advanced fire- 
control system including a ballistic computer, 
stabilized optics and a laser rangefinder. 
Other standard features are an NBC system, 
night-vision equipment and a snorkel for deep 
wading; it is also possible that a laser-warning 
receiver is fitted to provide the crew with ad- 
vanced warning of attack by a tank fitted with a 
laser rangefinder, or by an air-launched 
‘smart’ weapon with passive laser guidance to 
home on to any tank laser-illuminated by a 
third party. 


There were considerable problems associ- 
ated with the T-64's engine, suspension, 
automatic loader and fire-control system, and 
the type has evolved through a number of 
variants, known only by their hybrid Western 
designations. Thus the initial T-64 was follow- 
ed by the T-64A (M1981/1) with a revised gun- 
ner's sight, smoke-grenade dispensers on the 
turret and hinges for the attachment of skirt ar- 
mour; there is also an M1981/2 subvariant fit- 
ted with permanent skirts, rather than the op- 
tional skirts of the M1981/1. 

The next variant is believed to have been 
the most important production model, built as 


IE 
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The vehicle known to the 
Americans as the T-64A is 
known in Europe as the 
T-64 M1981/1, and differs 
only in small respects 
from the baseline T-64 
(MARS) 


such but perhaps supplemented by older 
tanks remanufactured to the improved stan- 
dard. This variant is the T-64B, which has the 
improved 125-mm (4.92-in) weapon carried by 
the T-72 and T-80 together with a revised and 
more reliable automatic loading system. The 
gun can also fire the AT-8 ‘Songster’ missile, 
which is a dual-role weapon for use against 
tanks to a range of 4,000 m (4,375 yards) and 
against helicopters to a range of perhaps 
8,000 m (8,750 yards). This missile weighs 
about 25 kg (55.1 Ib) at launch, and leaves the 
barrel at about 125m (410 ft) per second 
under the impulse of a solid-propeliant 
booster, speed thereupon increasing to 500 m 
(1,640 ft) per second under the Power of the 
missile’s solid-propellant sustainer. The 
warhead is of the HEAT type and is thought 
capable of penetrating 600 mm (23.6 in) of 
Conventional armour, while the guidance is 
thought to be of the semi-active laser type with 
the target illuminated by the tank's special 
laser designation system, carried in a remov- 
able but armoured box on the turret front. The 
missile is carried in the automatic loader in 
two sections, and fed into the main ordnance 
in exactly the same way as the conventional 
ammunition. The precise balance of missiles 
and conventional ammunition will clearly de- 
pend on the tactical situation, but it is likely 


that at least some tanks in any given unit wes 
be tasked with a primary anti-neiicoptor roe 
and therefore field a higher-than-normal com 
plement of missiles. Some US sources have 
claimed that the T-64B also possesses am 
electronic package to detect helicopters out te 
Slightly more than the AT-8&'e maximum range: 
Other features of the T-64B are an improved 
laser rangefinder and reactive armour: this lat 
ter comprises 111 HE plates attached over the 
glacis, the hull sides as far back as the turret 
rear, and the turret front, roof and sides. The 
T-64B became operational in 1980, with reac- 
tive armour first appearing in 1984. 

The problems faced by the T-64 series per- 
Suaded the Soviet authorities at an early date 
to hedge their bet with a comparable but 
lower-risk version powered by a conventional 
diesel engine and fitted with torsion bar sus- 
pension for an arrangement of six larger- 
diameter road wheels on each side, together 
with only three track-return rollers. The hull 
was revised accordingly, with slightly less 
length, marginally more width and a modestly 
increased height. The result is the T-72, a main 
battle tank generally similar to the T-64 in 
operational capability, but offering greater 
reliability in its automotive system and as a 
result of its lighter weight (and improved 
Power-to-weight ratio), superior mobility and 
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performance. 

The T-72 began to reach service operations 
in 1971, and is still in production at four Soviet 
plants and single plants in Czechoslovakia, In- 
dia, Poland and Yugoslavia. Whereas the T-64 
is used exclusively by the USSR, the T-72 has 
no provision for AT-8 missiles and is operated 
by the Warsaw Pact countries, and non- 
Warsaw Pact operators ranging from Algeria 
to Yugoslavia via Angola, Cuba, Finland, India, 
Iraq, Libya and Syria, with other countries pro- 


bably to be added as this excellent main battle 
tank continues in production. 

The T-72 has been developed in a number of 
forms and variants, and while some of these 
are known by their true Soviet designations, 
others are best individualized by Western des- 
ignations. The baseline model is the T-72 
discussed above, and has an infra-red search- 
light to the left of the main gun; there is also a 
T-72K command model. The T-72M is the main 
production variant, with the searchlight moved 


The T-72 battle tank has а 
long-base optical 
rangefinder in the turret 
just forward of the 
commander's cupola, and 
an infra-red searchlight to 
the right of the main 
armament. (MARS) 


The T-72 is essentially a 
version of the T-64 
revised for greater 
mechanical reliability 
through the use of a V-12 
diesel in place of the T-64 
series’ 5-cylinder opposed 
engine. The 125-mm 
(4.92-in) main gun cannot 
fire the AT-8 'Songster" 
anti-tank missile, but the 
combination of a 
carousel-fed autoloader 
and advanced fire-control 
system provides the T-72 
with a very high first- 
round kill probability, even 
on the move. Notable in 
this photograph are the 
spring-loaded skirts to 
protect the upper run of 
the tracks, and the smoke 
dischargers located on 
the turret front (seven on 
the left and five on the 
right). (US Dept. of 
Defense). 
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T-72M1 


to the right of the main gun; there is also a 
T-72MK command model. The designation 
Т-72 (M1981/2) is used for older T-72s retrofit- 
ted with side armour to prevent effective top 
attack of the engine compartment. The next 
model has the overall designation T-74, and 
has been produced in several Sub-variants. 
The initial version lacks the optics port in the 
right-hand side of the turret front (presumably 


for a laser rangefinder), while the T-74 
(M1980/1) is similar but has fabric skirt armour 
over the suspension and side containers. The 
T-74 (M1981/3) has appeared in two models, 
the initial type resembling the T-72 (M1980/1) 
but with thicker frontal armour, and the later 
type having smoke-grenade launchers. The 
latest model is the T-74 (T-72 M1984 or T-74M) 
based on the previous type but with appliqué 
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T-72M 
(USSR) 


Type: main battle tank 

Crew: 3 

Combat weight: 41,000 kg (90,388 Ib) 
Dimensions: length, gun forward 924m 
(30.31 ft) and hull 6.95 m (22.80 ft); width 4.75 m 
(15.58 ft)over skirts; height 2.37 m (7.78 ft)to top 
of cupola 

Armament system: one 125-mm (4.92-in) 2A46 
Rapira 3 smooth-bore gun with 39 rounds (15 in 
the hull and 24 in the autoloader), one 7.62-mm 
(0.3-in) PKT coaxial machine-gun with 3,000 
rounds, one 12.7-mm (0.5-in) NSVT AA machine- 
gun with 500 rounds, and 12 smoke-dischargers 
(five on the right of the turret and seven on the 
left); the type can also generate smoke by injec- 
ting fuel into the exhaust; the turret is electrically 
operated, the main gun is stabilized in elevation 
(— 5° to + 18°) and azimuth (360°), and an ad- 
vanced fire-control system is fitted; this last com- 
bines optical sights, a laser rangefinder and a 
ballistic computer 

Armour: cast, welded and composite to a max- 
imum thickness of 280 mm (11.02 in) 
Powerplant: one 585-kW (785-hp) V-46 diesel 
engine with 1,000 litres (220 Imp. gal.) of fuel plus 
provision for 400 litres (88 Imp. gal.) of additional 
fuel in two jettisonable external tanks 
Performance: speed, road 80 km/h (49.7 mph); 
range, road 480 km (298 miles) on internal fuel 
and 700 km (435 miles) with auxiliary fuel; fording 
14m (46ft) without preparation and 5.5m 
(18.0 ft) with snorkel; gradient 60%; side slope 
40%; vertical obstacle 0.85 m (2.79 ft); trench 
2.8 m (9.2 ft); ground clearance 0.47 m (18.5 ft) 


armour and anti-radiation cladding. Beyond 
the conventional gun tank series there are a 
number of specialized-role derivatives, such 
as the BREM-1 armoured recovery vehicle, 
the IMR combat engineer tractor and the 
ZSU-30-2 self-propelled anti-aircraft mounting 
with two radar-directed 30-mm cannon. 

The latest main battle tank from the Soviet 
stable is the T-80, which is now known to be a 
further development of the missile-capable 
T-64B, and began to enter production in the 
early 1980s for service deliveries in 1984. 
Large-scale production is under way, and by 
the end of 1987 it is believed that some 7,000 
T-80s had been produced exclusively for the 
Soviet forces. 

The tank is basically similar in configuration 
and shape to the T-64, with the driver's com- 
partment at the front, the two-man turret in the 
centre and the engine compartment at the 
rear. But the T-80 has a considerable number 
of detail differences from the T-64B. Working 
from the front towards the rear, the most im- 
portant of these are a laminate glacis for im- 
proved protection against both kinetic and 
chemical attack, a dozer blade retracting 
under the nose, a new pattern of road wheel 
with torsion bar suspension, a cast steel turret 
with an inside layer of 'special armour', a 
modified commander's hatch, revised 
stowage on the outside of the turret, a 
modified rear decking and, perhaps most 
significantly of all, a new powerplant in the 
form of a 985-shp (734-ekW) gas turbine with a 
manual transmission featuring five forward 


The Soviets’ latest T-80 
main battle tank is an 
advanced derivative of 
the T-64 with a laminate 
glacis plate, other 
advanced protective 
features and a gas 
turbine powerplant 
Notable in this 
photograph are the 
Jettisonable fuel drum at 
the rear and the snorkel 
stowed on the turret rear 
(MARS) 
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and one reverse gears, compared with the 
diesel-engined T-64's synchromesh transmis- 
Sion with seven forward and one reverse 
gears. The only known variant of the T-80 is the 
so-called T-80 M1984, which is the basic vehi- 
cle fitted with a large area of reactive armour, 
varying in extent from 185 to 211 specially- 
shaped plates to protect the tank’s frontal arc 
against gun-fired or missile-borne HEAT war- 
heads. 

The T-64 and T-80 are currently the most im- 


portant main battle tank types in Soviet ser- 
vice, but are more than ably backed by 
massive numbers of T-72s, T-62s and even 
T-54s and T-55s. The T-80 is still at a com- 
paratively early stage of its service life, and 
like the M1 Abrams in American service,can 
be expected to evolve through steadily improv- 
ed variants until it reaches obsolescence in 
the next century. 

The only other designer of main battle tanks 
in the communist bloc is China, a massive and 
populous nation that has begun to develop and 
flex its industrial muscle only in recent years. 
During and after the revolution that brought 
them to power in 1949, the communists used 
some captured Japanese equipment, but 
relied increasingly on Soviet-supplied tanks. 
As China tried to secure a limited independ- 
ence from Soviet sources of supply, an in- 
digenous tank industry was established, and 
this at first produced licensed copies of Soviet 
equipment. 

The first of these vehicles is the Type 59, 
which is the Chinese copy of the T-54. The tank 
is still in extremely widespread service with 
China and a growing number of Asian and 
African countries. The baseline Type 59 is 
essentially similar to the T-54 and the T-54A 
with a fume extractor, but in recent years 
much of the fleet has been updated slightly 
with night-vision equipment and a laser range- 
finder. As befits an elderly design in large- 
scale service, the Type 59 is now offered a 
growing range of retrofit packages, ranging 
from that by the Chinese armaments organiza- 
tion NORINCO for a 730-hp (544-kW) diesel in 
place of the original 520-hp (388-kW) unit, toa 
British package that can fit a 105-mm (4.13-in) 
L7 series gun, a Belgian OIP LRS-5 fire-control 
system and a British thermal imager for full 
night-fighting capability. The Type 59 has also 


T-80 
(USSR) 


Type: main battle tank 

Crew: 3 

Combat weight: 42,000 kg (92,593 Ib) 
Dimensions: length. gun forward 9.90m 
(32.48 ft) and hull 7.40 m (24.28 ft); width 3.40 m 
(11.15 ft) over skirts; height 2.20 m (7.22 ft) ox- 
cluding AA machine-gun 

Armament system: one 125-mm (4.92-in) com- 
bined gunímissile-launcher with 40 rounds, опо 
12.7-mm (0.5-in) NSVT machine-gun with 500 
rounds, one 7.62-mm (0.3-in) PKT machine-gun 
with 2,000 rounds, and between eight and 12 
smoke-dischargers 

Armour: not revealed 

Powerplant: one 735-kW (986-hp) gas turbine 
with 1,000 litres (220 Imp. gal.) of fuel excluding 
400 litres (88 Imp. gal.) in jettisonable external 
tanks 

Performance: speed, road 75 km/h (46.6 mph); 
range, road 400 km (249 miles) without external 
fuel; fording 1.4 m (4.6 ft) without preparation and 
5.5 m (180 ft) with preparation; gradient 60%; 
side slope 40%; vertical obstacle 0.9 m (2.95 ft); 
trench 2.9 m (9.51 ft); ground clearance 0.38 m 
(15 in) 


Main Battle Tank Type 59 
(China) 


Type: main battle tank 

Crew: 4 

Combat weight: 36,000 kg (79,365 Ib) 
Dimensions: length, gun forward 9.00m 
(29.53 ft) and hull 6.04 m (19.82 ft); width 3.27 m 
(10.73 ft); height 2.59 m (8.50 ft) 

Armament system: one 100-mm (3.94-in) gun 
with 34 rounds, one 12.7-mm (0.5-in) Type 54 
machine-gun with 200 rounds and two 7.62-mm 
(0.3:in) Type 59T machine-guns with 3,500 
rounds 

Armour: between 20 and 203 mm (0.79 and 8 in) 
Powerplant: one 390-kW (523-hp) Type 12150L 
diesel engine with 815 litres (179 Imp. gal.) of fuel 
excluding 400 litres (88 Imp. gal.) in jettisonable 
external tanks 

Performance: speed, road 50 km/h (31.1 mph); 
range, road 600 km (373 miles) with external fuel; 
fording 1.4 m (4.6 ft) without preparation and 
5.5 m (18.04 ft) with snorkel; gradient 60% ; ver- 
tical obstacle 0.79m (2.59 ft); trench 2.7m 
(8.86 ft); ground clearance 0.425 m (16.75 in) 
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This poor-quality 
photograph nonetheless 
reveals the rear exhaust 
for the gas turbine and 
the external stowage on 
the turret of the T-80 
battle tank. (MARS) 
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been used as the basis for a simple armoured 
recovery vehice, and for a self-propelled anti- 
aircraft mounting with twin optically-controlled 
37-mm guns. 

Further development of the Type 59 
resulted in the Type 69, which apparently 
began to enter production in the early 1980s. 
This resembles the Type 59 closely in external 
features, but has a new main gun (a 
100-mm/3.94-in smooth-bore weapon in the 
Type 69- and a rifled weapon of the same 
calibre in the Type 69-11, each weapon with its 


own type of fire-control system), an NBC sys- 
tem, a semi-automatic fire-extinguishing sys- 
tem and improved protection. v 

In 1985 the Chinese revealed another off- 
Shoot from the same stock in the form of the 
Type 69-III, later renamed the Type 80. This 
has a new all-welded hull with six rather than 
five road wheels and three track-return rollers 
on each side (the standard torsion bar suspen- 
Sion being retained), a layer of composite ar- 
mour at the front and a more powerful 730-hp. 
(544-kW) diesel that is probably а turbocharg- 
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Main Battle Tank Type 69-11 
(China) 


Type: main battle tank 

Crew: 4 

Combat weight: 36,500/37,000kg (80,467! 
81,570 Ib) 

Dimensions: length, gun forward 8.657m 
(28.40 ft) and hull 6.243 m (20.48 ft); width 
3.298 m (10.82 ft); height with AA gun at full 
elevation 3.909 m (12.825 ft) 

Armament systém: one 100-mm (3.94-in) rifled 
gun, two 7.62-mm (0.3-in) Type 59T machine- 
guns (one coaxial and one bow), and one 
12.7-mm (0.5-in) Type 54 AA machine-gun; the 
turret is electro-hydraulically powered, the main 
gun is stabilized in elevation and azimuth, and a 
Tank Simplified Fire-Control System—Laser is 
fitted, this last incorporating a laser rangefinder, 
optical sights and a ballistic computer; an op- 
tional fit for export models is the TSFCS-C which 
adds sensors for variables such as crosswind, 
ambient temperature and propellant-charge. 
temperature; the type can also generate smoke 
by injecting fuel into the exhaust system 
Armour. cast and welded steel varying in 
thickness between 20 and 203 mm (0.79 and 
Bin) 

Powerplant: one 435kW (5834р) Model 
12150L-7BW diesel engine 

Performance: speed, road 50 km/h (31.1 mph); 
range, road 440 km (273 miles); fording 1.4m 
(4.6 ft); gradient 60%; side slope 40%; vertical 
obstacle 0.8 m (2.625 ft); trench 2.7 m (8.9 ft); 
ground clearance 0.425 m (16.75 in) 


ed version of the 580-hp (432-kW) unit used in 
the Type 69. On this hull is located a cast turret 
based on that of the Type 69, but fitted in this 
instance with a fully stabilized 105-mm 
(4.13-in) rifled gun and the advanced NORIN- 


CO ISFCS-212 fire-control system that in- 
cludes a laser rangefinder, stabilized optics, a 
ballistic computer and a number of sensors. 
China is only just beginning to find its feet as 
a designer rather than just a builder of tanks. 
Considerable experience has been gained 
from development of the Type 54, and a 
substantial expertise in modern tank techno- 
logy has accrued from the purchase of 
Western equipment and a number of col- 
laborative ventures in lighter armoured 
vehicles. This probably opens the way for the 
development of a purely Chinese tank in the 


Main Battle Tank Type 80 
(China) 


Type: main battle tank 

Crew: 4 

Combat weight: 38,000 kg (83,774 Ib) 
Dimensions: length, gun forward 9.328m 
(30.60 ft) and hull 6.325 m (20.75 ft); width 
3.372 m (11.06 ft); height 2.874 m (9.43ft) in- 
cluding AA machine-gun 

Armament system: one 105-mm (4.13-in) gun 
with 44 rounds, one 12.7-mm (0.5-in) Type 54 
machine-gun with 500 rounds, one 7.62-mm 
(0.3-in) Type 59T machine-gun with 2,250 rounds, 
and two quadruple smoke-dischargers 

Armour: not revealed 

Powerplant: one 545kW (7314р) Model 
12150L-7BW diesel engine with 1,400 litres (308 
Imp. gal.) of fuel, excluding an unknown quantity 
of fuel in jettisonable external tanks 
Performance: speed, road 60 km/h (37.3 mph); 
range, road 430 km (267 miles); fording 0.8 m 
(2.6 ft) without preparation and 5.0 т (16.4 ft) 
with snorkel; gradient 60% ; side slope 40% ; ver- 
tical obstacle 0.8 m (2.63 ft); trench 2.7 m (8.9 ft); 
ground clearance 0.48 m (18.9 in) 


Type 80 
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Steyr SK105/A1 Kürassier 
(Austria) 


Type: light tank/tank destroyer 

Crew: 3 

Combat weight: 17,500 kg (38,580 Ib) 
Dimensions: length, gun forward 7.763m 
(25.47 ft) and hull 5.582 m (18.31 ft); width 2.50 m 
(8.20 ft); height 2.53 m (8.30 ft) to top of com- 
mander's cupola 

Armament system: one 105-mm (4.13-in) GIAT 
CN-105-57 rifled gun with 44 rounds (32 in the 
hull and six in each of the two revolving cylinders 
of the semi-automatic loading system), one 
7.62-mm (0.3-in) MG74 coaxial machine-gun with 
2,000 rounds, and three smoke-dischargers on 
each side of the turret; the turret is hydraulically 
Powered, the main gun is stabilized in neither 
elevation (— 8° to + 12°) nor azimuth (360°), and 
the day/night optical/thermal fire-control system 
is supported by a laser rangefinder 

Powerplant: one 239-kW (320-hp) Steyr 7FA 
diesel with 400 litres (88 Imp. gal.) of fuel 
Performance: speed, road 65.3 km/h (40.6 mph); 
range, road 520 km (323 miles); fording 1.0m 
(3.3 ft); gradient 75%; side slope 40%; vertical 
obstacle 0.8 m (2.62 іп); trench 2.41 m (7.9 ft); 
ground clearance 0.4 m (15.75 in) 


none-too-distant future. 

Such, then, is the current state of play in 
main battle tank production and service. With 
the exception of the few examples treated 
above with the main battle tanks, the medium 
tank has all but disappeared. So too in modern 
armies has the light tank, principally on the 
grounds that a light tank is a non-survivable 
type on the modern battlefield. Main battle 
tanks can be designed with adequate provi- 
Sion for all three essential features (firepower, 
protection and mobility) but the very con- 
straints imposed upon any light tank mean that 
it is possible to include adequate provision for 
only two of these components, most generally 
firepower and mobility, to the exclusion of pro- 
tection. There are a number of vehicles in this 
category, but though these are sometimes 
graced with the designation light tank, they are 
better described as tank destroyers: typical of 
the breed are the 17,500-kg (38,580-Ib) Steyr 
SK105 Kürassier from Austria with a 105-mm 
(4.13-in) rifled gun on the chassis of an ar- 
moured personnel carrier, the 17,800-Ib 
(8,074-kg) Alvis Scorpion from the UK with a 
76-mm (3-in) gun on a multi-purpose chassis, 
the 18,000-kg (39,683-Ib) Hagglund Ikv-91 


NEW BEGINNINGS 


Alvis FV101 Scorpion CVR(T) 
(UK) 


Type: tracked reconnaissance vehicle (light tank) 
Crew: 3 

Combat weight: 17,548 Ib (7,960 kg) 
Dimensions: length overall 15.73ft (4.79 m); 
width 7.33 ft (2.235 m); height 6.90 ft (2.102 m) 
Armament system: one 76-mm (3-in) gun with 40 
rounds, one 7.62-mm (0.3-in) machine-gun with 
3,000 rounds, and two quadruple smoke- 
dischargers 

Armour: not revealed 

Powerplant: one 190-hp (142-kW) Jaguar J60 
No.1 Mk 100B petrol engine with 93 Imp. gal 
(423 litres) of fuel 

Performance: speed, road 50 mph (80 km/h); 
range, road 400 miles (644 km); fording 3.5 ft 
(1.07 m) without preparation and amphibious 
with preparation; gradient 60% ; vertical obstacle 
1.65 ft (0.5 т); trench 6.75 ft (2.06 m); ground 
clearance 14 in (0.36 m) 


FV101 Scorpion CVR(T) 


from Sweden with a 90-mm (3.54-mm) gun, 
and the now-obsolete 34,900-Ib (15,831-kg) 
M551 from the USA with the 152-mm (6-in) 
gun/launcher for conventional ammunition 
and the MGM-51 Shillelagh anti-tank missile. 
These all resemble main battle tanks in being 
fully tracked and having their main armament 


The concept of a launcher 
for MGM-51 Shillelagh 
anti-tank missiles and low- 
velocity 152-mm (6-in) 
projectiles did not prove 
altogether successful, and 
the M551 Sheridan 
enjoyed only a 
comparatively short first- 
line career. This missile 
guidance box is located 
above the barrel, and is 
Seen with its front cover 
closed. (Detroit Diesel 
Allison) 
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Bernardini X1A2 


Bernardini X1A2 
(Brazil) 


Type: light tank 

Crew: 3 

Combat weight: 19,000 kg (41,887 Ib) 
Dimensions: length, gun forward 7.10m 
(23.29 ft) and hull 6.50 m (21.33 ft); width 2.60 m 
(8.53 ft); height 2.45 m (8.04 ft) 

Armament system: one 90-mm (3.54-in) gun with 
66 rounds, one 0.54п (12.7-mm) Browning 
machine-gun with 750 rounds, one 7.62-mm 
(0.3-in) machine-gun with 2,500 rounds, and two 
triple smoke-dischargers 

Armour: not revealed 

Powerplant: one 225-kW (302-hp) Saab-Scania 
DS-11 diesel engine with 600 litres (132 Imp. 
gal.) of fuel 

Performance: speed, road 55 km/h (34.2 mph); 
range, road 600 km (373 miles); fording 1.3 m 
(4.3 ft); gradient 70%; side slope 30%; vertical 
obstacle 0.7 m (2.31); trench 21m (6.9 ft); 
ground clearance 0.5 m (19.7 in) 


in the 360? traverse turret, but are conceptu- 
ally more akin to recognized tank destroyers 
such as the West Germans’ gun-equipped 
Jagdpanzer Kanone and the Soviets’ ASU-85, 
which both feature high-velocity guns in a 
Superstructure mounting that provides only 
limited traverse. 

Genuine light tanks do still serve in some 
parts of the world, generally where there is a 
Special reason for their existence. Some of 
these are considerably updated or even re- 
manufactured examples of obsolete light 
tanks (typically the X1A1 and X1A2 versions of 


the M3 Stuart from the Brazilian manufacturer 
Bernardini) while others are reworkings of 
Slightly less elderly designs (typically the Mod- 
ernized M24 used by Norway and the Type 64 


Cadillac Gage Stingray 
(USA) 


Type: light tank 

Crew: 4 

Combat weight: 44,600 Ib (20231 kg) 
Dimensions: length, gun forward 30.67 ft 
(9.35 m) and hull 20.67 ft (6.229 m); width 8.92 ft 
(2.71 m); height 8.33 ft (2.55 m) overall 
Armament system: one 105-mm (4.13-in) ROF 
L7A3 rifled Low Recoil Force Gun with 36 rounds 
(28 in the hull and eight in the turret), one 
7.62-mm (0.3-in) M240 coaxial machine-gun with 
2,400 rounds, one 0.5-in (12.7-mm) Browning 
M2HB AA machine-gun with 1,100 rounds, and 
four smoke-dischargers on each side of the tur- 
ret; the turret is electro-hydraulically operated, 
the main gun is stabilized in elevation (— 7.5? to 
+ 20°) and azimuth (360°), and a Marconi Digital 
Fire-Control System is fitted; this last combines 
OEC day/night optical and thermal sights, a laser 
rangefinder, various sensors and a Cadillac Gage 
ballistic computer 

Armour: welded steel 

Powerplant: one 535-hp (339-kW) Detroit Diesel 
8V-92TA diesel engine with 200 US gal. 
(757 litres) of fuel 

Performance: speed, road 41.5 mph (67 km/h); 
range, road 300 miles (483 km); fording 4.0 ft 
(1.22 m); gradient 60% ; side slope 40% ; vertical 
obstacle 2.5 ft (0.76 m); trench 7.0 ft (2.13 m); 
ground clearance 18 in (0.46 in) 
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Cadillac Gage Stingray 


developed in Taiwan on the basis of the M41 
Walker Bulldog). 

Apart from types already discussed, as they 
were developed in the 1950s, the only light 
tanks of comparatively recent design are the 
Type 63 and Type 62 from China, a North 
Korean light tank, and the Cadillac Gage Com- 
mando Stingray from the USA. The Type 63 
was developed in the early 1960s for am- 
phibious operations, and is an 18,700-kg 
(41,226-Ib) vehicle with a welded hull based on 
that of the Type 77 armoured personnel carrier 
to carry a cast turret resembling that of the 
Type 59 main battle tank but scaled down and 


carrying an 85-mm (3.35-in) gun. The Type 62, 
а heavier 21,000-kg (46,296-Ib) vehicle 
resembling a scaled-down Type 59 main battle 
tank, was designed in the early 1980s for 
operations in mountainous terrain, and like the 
Type 62 is armed with an 85-mm (3.35-in) gun. 
Little is known of the North Korean tank, which 
resembles the Type 63 and is armed with an 
85-mm (3.35-in) gun at a weight believed to be 
in the order of 20,000 kg (44,092 Ib). The most 
modern and by far the most impressive of cur- 
rent light tanks is the Commando Stingray, a 
44,600-Ib (20,231-kg) vehicle armed with the 
Low Recoil Force version of the 105-mm 
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Light Tank Type 63 


Light Amphibious Tank Type 63 
(China) 


Type: amphibious light tank 

Crew: 4 

Combat weight: 18,700 kg (41,226 Ib) 
Dimensions: length, gun forward 8.437 m 
(27.68 ft) and hull 7.15 m (23.46 ft); width 3.20 m 
(10.50 ft); height 3.122 m (10.24 ft) including AA 
machine-gun 

Armament system: one 85-mm (3.35-in) gun with 
47 rounds, one 12.7-mm (0.5-іп) Type 54 
machine-gun with 500 rounds and one 7.62-mm 
(0.3-in) machine-gun with 1,000 rounds 

Armour: between 10 and 14mm (0.39 and 
0.55 in) 

Powerplant: one 300-kW (402-hp) Model 12150-L 
diesel engine with 545 litres (120 Imp. gal.) of fuel 
Performance: speed, road 64 km/h (39.8 mph) 
and water 12 km/h (7.5 mph); range, road 370 km 
(230 miles); fording amphibious; gradient 60% ; 
vertical obstacle 0.87 m (2.85 ft); trench 29 m 
(9.5 ft); ground clearance 0.4 m (15.75 in) 


(4.13-in) L7A3 rifled gun with optional two-axis 
stabilization and a choice of fire-control sys- 
tems. The type has been ordered by Thailand, 
which has need of a tank offering high 
firepower and considerable range but only 
modest protection. 

It is worth noting, moreover, that con- 
siderable design effort is being devoted to 
large-calibre weapons of the Low Recoil Force 
type, which offer the possibility of heavyweight 
armament іп comparatively lightweight 
chassis types. 


— —— ———„———— 


Afterword: The Future 


The tank is currently at a crossroads in its his- 
tory. It still has an army of proponents to extol 
its unparalleled combination of offensive/ 
defensive attributes combined in a single 
package. But it also has a growing numbers of 
opponents who see the tank as an increasingly 
sophisticated (and therefore unreliable) white 
elephant that swallows vast amounts of the 
tank nations' limited research, procurement 
and maintenance budgets, yet as a combat 
type is increasingly vulnerable to the whole 
gamut of modern anti-tank weapons. These 
latter range from cheap and easily laid mines, 
through chemical- or kinetic-energy warheads 
launched by an increasing variety of surface 
weapons (artillery, rockets and missiles), to 
air-launched weapons that themselves range 
from the unsophisticated and cheap anti-tank 
bomblet via the medium-price guided bomb to 
the expensive guided missile. 

The threat posed to the tank by these 
weapons is indeed potent, and is therefore 
worth considering in detail. The APFS-DS and 
HEAT projectiles fired by other tanks have 


long been considered the most important 
battlefield dangers faced by the tank, but in 
recent years these two weapons have been 
joined by the other types mentioned above. 
These latter have the twin advantages of 
destructive power at least equal to that of 
tank-fired projectiles, and in most cases the 
considerably greater range that puts their 
launch platforms well out of the range of the 
gun tank's own weapon. The last factor pro- 
vides a useful level of self-protection capabil- 
ity for the launch platforms, which are often 
warplanes such as attack fighters and dedi- 
cated anti-tank helicopters that also enjoy the 
advantages of greater speed and agility. The 
higher speed of these aerial launch platforms 
provides them with the vital opportunity to 
close to firing range and launch their 
weapons before the target tank can detect 
them and thus manoeuvre out of the way or 
implement other defensive features. Also the 
superior three-dimensional agility of these 
aerial launch platforms allows them to make 
use of terrain and other features to conceal 


Vickers/ ЕМС Mark 5 
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а features but their very high level of sophisti« 
Vickers/FMC VFM 5 cation. Their casings, for example, аго often 
(UK/USA) made largely of plastic to reduce the 
Type: light battle tank chances of their detection, their single or 
СОА combination triggering systems аге more 
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Combat weight: 19,750 kg (43,541 Ib) 
Dimensions: length, gun forward 8.61 m (28.25 ft 
and hull 6.20 m (20.34 ft); width 2.69 m (8.83 
ft); height 2.62 m (8.60 ft) 

Armament system: one 105-mm (4.13-in) gun 
with 41 rounds, one 0.5-in (12.7-mm) Browning 
machine-gun with 1,000 rounds, one 7.62-mm 
(0.3-in) machine-gun with 5,000 rounds and 
two sextuple smoke-dischargers 

Armour: not revealed 

Powerplant: one 552-hp (412-kW) Detroit 
Diesel 6V-92TA6 diesel engine with 570 litres 
(125 Imp. gal.) of fuel 

Performance: speed, road 70 km/h (43.5 mph): 
range, road 483 km (300 miles); fording 1.0 m 
(3.28 ft); gradient 60%; side slope 4096; verti- 
cal obstacle 0.76 m (2.5 ft); trench 2.13 m (7.0 
ft); ground clearance 0.41 m (16 in) 


their approach to firing range, where they 
‘unmask’ only long enough to acquire their 
target, unleash their weapon or weapons 
and, when these last are of the guided vari- 
ety, control their flight unless the weapon or 
weapons are of the 'fire-and-forget' type that 
use an autonomous guidance package that 
requires no further input from the launch plat- 
form after release. 

The simplest and cheapest of these 
weapons, and often the most effective in tacti- 
cal terms, is the anti-tank mine. This is gener- 
ally laid in specially designed fields that are 
designed to cripple tank forces trying to move 
across them or, in fact more generally and 
effectively, divert tank advances towards nat- 
ural chokepoints where they are easier tar- 
gets for individual weapons. The mines 
themselves are designed to be triggered by a 
Single sensor (pressure, acoustic or magnetic 
for the most part) or a combination of sensors, 
and their explosion is directed upward to pen- 
etrate the comparatively thin belly armour of 
the tank or at worst knock off one of the tracks 
and so secure a ‘mobility kill’. 

Such mines have been in existence for 
some time, and modern mines resemble the 
weapons of the Second World War in most 


capable and can also be fitted with delay 
subsystems to permit the tank force to pene- 
trate well into the minefield before the first 
weapon is activated fully, and the capability 
of their explosive charges has been consid- 
erably enhanced. 

The very latest generations of such mines. 
moreover, are planned round a ‘bounding’ 
payload: when triggered, the mine fires a 
submunition into the air, where the submuni- 
tion's infra-red sensor system searches for a 
target, aligns the ‘self-forging fragment’ war- 
head at it, and then dotonatóc tho warhoad. 
The SFF warhead comprises a shaped explo- 
Sive charge and a disc of copper alloy. When 
the warhead is initiated, the shaped charge 
explodes behind the copper disc, which is 
forged into a high-density penetrator that hits 
the upper surface of the target tank with dev- 
astating force. Typical of the weapons 
designed round this principle is an American 
type, the air-launched ERAM (Extended- 
Range Anti-armor Mine) that is scattered in 
nine-round batches in the path of the target- 
ed armoured force. Each ERAM carries two 
Avco Skeet submunitions, and its sensor sys- 
tem can detect a tank at the range of some 
165 yards (150 m), thereupon swivelling its 
upper section to bring one of the two Skeets 
onto the right bearing before firing the sub- 
munition. The Skeet's sensor then acquires 
its target and at a range of some 50 ft (15 m) 
detonates its warhead so that the SFF 
impacts the target with a velocity of up to 
9,000 ft (2,743 m) per second. 

Artillery has long been a mainstay of any 
army's defence against tank attack. In the 
Second World War and the period immedi- 
ately after it, such artillery was generally of 
two types: the dedicated anti-tank gun was 
generally of comparatively small calibre and 
fired a solid kinetic-energy shot with a very 
high velocity for the flat-trajectory engage- 
ment of target tanks at short range, while field 
artillery of slightly larger calibres were used 
to fire chemical-energy projectiles for the 
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engagement of target tanks at longer ranges. 
The dedicated anti-tank gun is now some- 
thing of a rarity, but field artillery is now fairly 
standardized at the somewhat larger calibre 
of 155 mm (6.1 in) and is capable of more 
devastating attacks at short and medium 
ranges as a result of the improved targeting 
systems and projectiles now used. The for- 
mer can include radar as well as visual sys- 
tems, and the latter include the ‘traditional’ 
HEAT as well as more modern cargo-carrying 
and guided projectiles. 

As its name implies, the cargo-carrying 
round is a shell capable of carrying submuni- 
lions such as anti-tank mines, which means 
that minefields can be laid rapidly and accu- 
rately to meet an evolving tactical situation. For 
the French 155-mm (6.1-in) TR gun, for 
instance, there is a round that can deliver six 
0.55-kg (1.2-Ib) mines each capable of pene- 
trating 50 mm (1.47 in) of armour. Comparable 
projectiles have been developed by other 
nations including the USA, whose equivalent is 
the RAAMS (Remote Anti-Armor Mine System) 
with either of two projectiles carrying nine 5-Ib 
(2.27-kg) mines that are released in the air 
over the target area. The M741 projectile car- 
ries mines that self-destruct if they are not trig- 
gered within 24 hours, while the M718 
projectile has mines that self-destruct after a 


longer non-triggered interval. 

The most important artillery-launched guid- 
ed projectile is another American weapon. 
the Martin Marietta Copperhead cannon- 
launched guided projectile. This is fired in 
exactly the same way as a standard artillery 
projectile, but after emerging from the gun 
barrel deploys its cruciform set of tail-mount- 
ed control fins to stabilize the weapon as it 
undertakes the ballistic first part of its flight 
toward the predetermined area of the target 
As the weapon approaches the target area, 
the cruciform set of mid-set wings is 
deployed and the guidance package is acti- 
vated. The latter is based on an optronic sen- 
sor located in the nose: this searches for the 
laser light reflected from the target tank illu- 
minated’ by a forward observer on the 
ground or in a scouting helicopter. The 
Copperhead then homes onto the target tank 
and hits it, the impact initiating the detonation 
of the large shaped-charge warhead located 
between the guidance package and the 
wings. The Copperhead weighs 140 Ib (63.5 
kg), has a maximum range of 21,875 yards 
(20,000 m), and has proved its ability to strike 
moving as well as stationary targets with pin- 
point accuracy. 

The rocket started to mature as an effective 
anti-tank weapon during the Second World 


Developed as a private 
venture, the Vickers Main 


Battle Tank series has 


enjoyed somewhat varied 
export success. This is an 


MBT Mk 3 of the type 


sold to Nigeria. (Vickers 


Ltd) 
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The AA1 Universal Turret 
with its 75-mm (2.95-in) 
gun is typical of the 
Possible way forward, with 
a high technology gun 
(firing a projectile at high 
velocity for the same 
kinetic energy as a large 
projectile fired with lower 
velocity) in a low profile 
turret and auto loader. 


(MARS) 
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War, when ground-launched weapons such 
as the American ‘Bazooka’ and air-launched 
weapons such as the British 60-Ib (27.2-kg) 
rocket began to inflict decisive losses on 
German tanks. Progress in surface-to-surface 
and air-to-surface rockets continued in the 
years after the war, initial emphasis being 
placed on ‘Bazooka’ type weapons to 
improve infantry anti-tank capabilities. Such 
weapons are essentially simple, and com- 
prise a tube from which a rocket is launched 
at fairly short range against a tank which is 
crippled if not destroyed by a HEAT war- 
head. The use of a tube-launched rocket 
removes recoil problems, and as the HEAT 
warhead works best if it reaches the target at 
low velocity and with as little spin as possible 
launch weight and system complexity are 
much reduced. This means that infantry- 
launched anti-tank rockets are now one-man 
weapons such as the Soviet RPG-18 whose 
rocket weighs 2.5 kg (5.5 Ib) and can pene- 
trate 250 mm (9.84 in) of armour at a range of 
200 m (218 yards), the French Strim LRAC 89 
whose rocket weighs 2.2 kg (4.85 Ib) and can 
penetrate 120 mm (4.7 in) of armour at 600 m 
(656 yards), and the US M72 LAW (Light Anti- 


tank Weapon) whose rocket weighs 2.2 Ib 
(1.0 kg) and can penetrate 300 mm (11.8 in) 
of armour at 330 yards (300 m). 

The artillery rocket also came into its own 
during the Second World War, and though 
the type fell into temporary abeyance after 
that war, except in the USSR where large- 
scale development and deployment contin- 
ued, it underwent something of a revival as 
an area-saturation weapon from the later 
1950s. The type is now seen as an important 
adjunct to conventional artillery, and its area- 
saturation capability has now been exploited 
by the Americans to create a truly devastat- 
ing weapon system in the form of the Vought 
Multiple-Launch Rocket System. This is 
based on the same tracked chassis as the 
M2 Bradley infantry fighting vehicle for a 
high-level of battlefield mobility, and carries 
on its rear decking a traversing and elevating 
launcher assembly able to accommodate two 
six-rocket packs reloaded from the accom- 
panying Heavy Expanded-Mobility Tactical 
Truck's complement of four packs. The MLRS 
is fielded in a firing platoon of nine launcher 
vehicles each supported by two HEMTTs 
each towing a Heavy Expanded-Mobility 
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Ammunition Trailer carrying another four 
reload packs. This gives the firing platoon a 
prodigious fire capability, and each launcher 
can ripple-fire between two and twelve rock- 
ets in less than one minute, each rocket 
being individually aimed by the high-quality 
fire-control system to ensure great accuracy. 
The fin-stabilized rocket has a diameter of 
8.94 in (227 mm) and a length of 12.92 ft 
(3.937 m), and weighs 680 Ib (308.4 kg) com- 
plete with a 340-Ib (154.2-kg) warhead. This 
last is essentially of the cargo-carrying type, 
and typical loads include 644 shaped-charge 
submunitions of the M77 dual-role anti-per- 
sonnel/anti-armour type delivered to a maxi- 
mum range of 33,000 yards (30,175m) or 26 
AT-2 parachute-retarded anti-tank mines 
delivered to a range of 43,750 yards (40,005 m). 
Under development is a still more capable 
anti-tank warhead with six shaped-charge 
submunitions each incorporating an active 
radar terminal guidance system and deliv- 
ered to a range of 45,925 yards (41,995 m) 
In overall terms, therefore, the MLRS can lay 
down a dense carpet of anti-tank munitions 
with great accuracy at long range, and the 
standard rocket's supersonic speed means 
that fast tactical response to an evolving 
armoured threat is possible. 

The MLRS marks the current high point in 
artillery rocket capability for the anti-tank role, 
and despite its very high cost is operated by 
a number of American allies in addition to the 


army of the originating country. It is worth not- 
ing, however, that effective if less capable 
Systems have also been developed else- 
where in the world, and these smaller and 
therefore considerably more affordable sys- 
tems include the Forges de Zeebrugge LAU- 
97 from Belgium, the Avibras ASTROS 
I/SS-60 and SS-40 from Brazil, the CPMIEC 
WS-1 and Type 74 from China, the SAKR-18 
from Egypt, the LARS-2 from Germany, the 
IMI LAR-160 from Israel, the SNIA FIROS 25 
from Italy, the Santa Barbara Teruel-2 from 
Spain, and the BM-22 Uragzy from the USSR 
(now CIS). 

Surface-to-surface artillery rockets Carrying 
submunition payloads therefore pose a con- 
siderable threat to armoured forces, and a 
comparable threat is posed by air-to-surface 
rockets carried in multiple (four- to 22-tube) 
launchers under the wings of attack war- 
planes and anti-tank helicopters. These rock- 
ets are generally of smaller diameter than 
their ground-launched counterparts, but are 
faster as the velocity imparted by their rocket 
motors is incremental to the speed of the 
launching warplane. In its anti-tank forms, the 
air-launched rocket is generally used with a 
hollow-charge or dart warhead for chemical- 
or kinetic-energy effect respectively. The 
Thomson Brandt 100-mm (3.94-in) rocket 
from France is typical of the breed, and has 
been developed and produced in two basic 
variants. 


The AAI RDF/LT shows 
what can be achieved in 
the form of firepower and 
mobility through the full 
exploitation of modern 
technologies. (АА! Corp) 
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The guided missile is now 
one of the tank's most 
potent enemies, and the 
adoption of such a 
weapon turns an 
armoured personnel 
carrier into a highly 
capable tank-killer. This is 
an AMX-10P mechanized 
infantry combat vehicle of 
the French army with a 
Lancelot turret carrying 
two twin-tube missile 
launchers and the optics 
for the missile guidance 
system. The vehicle 
carries 18 HOT missiles 
(four in the launcher tubes 
and 14 reload missiles in 
the hull). (MARS) 
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The earlier of these variants is the TBA 100, 
which is based on a core section (rocket 
motor and stabilizing fin assembly) weighing 
24 kg (52.9 Ib). To this can be added one of 
several warhead types to create a weapon 
2.48 m (97.6 in) long. The primary anti-armour 
warheads are the 14-kg (30.9-Ib) Type ESP 
semi-armour-piercing unit with a hard steel 
core surrounded by 0.7 kg (1.54 Ib) of explo- 
Sive and able to penetrate 150 mm (5.9 in) of 
armour, and the 14.4-kg (31.75-Ib) Type ECC 
armour-piercing unit whose shaped-charge 
warhead can penetrate 500 mm (19.7 in) of 
armour. The later variant is the Multi-Dart 100, 
which is based on the same core section but 
carries any of three specialized anti-armour 
warheads somewhat longer than those of the 
ТВА 100. The 15.5-kg (34.2-Ib) Type AB 24 
unit contains six 1.65-kg (3.6446) steel 
flechettes each with a diameter of 24 mm 
(0.94 іп) and the ability to penetrate 80 mm 
(3.15 in) of armour. The 14.5-kg (32.0-Ib) Type 
ABL unit contains 36 0.19-kg (0.42-Ib) -steel 
flechettes each with a diameter of 13.5 mm 
(0.53 in) and the ability to penetrate 15 mm 
(0.6 in) of armour. The 14-kg (30.9-Ib) Type 
AMV unit contains 192 0.35-kg (0.77-Ib) steel 
flechettes each with a diameter of 9 mm (0.35 
in) and the ability to penetrate 8 mm (0.315 in) 
of armour. 


In several respects this French 100-mm 
(3.94-in) air-to-surface rocket is atypical of 
the mainstream of current thinking about 
Such weapons, most notably in its calibre. 
Although the Soviets (now the Russians) have 
developed a number of air-to-surface 
unguided rockets of considerably larger cali- 
bre, the Western practice has been to con- 
centrate on air-to-surface rockets of slightly 
smaller diameter than the TBA 100/Multi-Dart 
100 series. However, this should not disguise 
the fact that there are considerably larger- 
calibre Western weapons such as the 122- 
mm (4.8-in) SNIA Falco from Italy, the 5-in 
(127-mm) Zuni from the USA, and the 135- 
mm (5.315-іп) Bofors M70 from Sweden, 
moderately large-diameter weapons such as 
the 82-mm (3.2-in) SNIA Medusa from Italy 
and 82-mm (3.2-in) Oerlikon-Bührle SNORA 
from Switzerland, and indeed smaller-calibre 
weapons with diameters as minimal as 50 or 
even 37 mm (1:97 or even 1.46 in). 

However, the 'standard' diameter for 
Western air-to-surface rockets may be 
regarded as 68 mm (2.68 in) or 2.75 in (70 
mm). The most prolific weapon in the former 
calibre is the Thomson Brandt SNEB 
68/TBA68 and Multi-Dart 260 series from 
France, which may be regarded as the small- 
er half-brother of the TBA 100/Multi-Dart 100 
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series. The latter calibre is epitomized by the 
US (and now Belgian) FFAR/Hydra 70 series 
and the Canadian CRV7 weapon. 

The Folding-Fin Air Rocket series is a very 
widely used tactical rocket. The type was 
developed in the USA as the 'Mighty Mouse" 
series in the air-to-air role with a 6-Ib (2.72- 
kg) warhead, evolving in the 1960s to a 10-Ib 
(4.54-kg) warhead and ultimately to а 17-16 
(7.7-kg) warhead. The original FFAR (Mk 4) is 
based on the Mk 4 rocket motor core section, 
which is a unit weighing 11.4 Ib (5.17 kg) and 
providing a thrust of 750 Ib (340 kg). This is 
sufficient to give the rocket minimum and 
maximum ranges of 550 and 6,500 yards 
(505 and 5,945 m) respectively, 3,750 yards 
(3,430 m) being the maximum effective 
range, but its modest velocity is insufficient to 
free the weapon from the worst effects of 
gravity drop and crosswind. The rockets 
based on the Mk 4 rocket motor section are 
designed for use with high-performance 
fixed-wing warplanes. 

The FFAR (Mk 40) is the Mk 4 variant opti- 
mized for use by helicopters. It thus has a 
scarfed nozzle that provides spin stabilization 
(and thus greater accuracy) after launch from 
a low-speed platform. There are nine war- 
heads associated with the Mk 4 and Mk 40 
versions of the original FFAR, and of these the 
only anti-tank type is the 5.8-Ib (2.63-kg) Mk 5. 

The WAFAR (Mk 66) is the most important 
of current weapons, produced in the USA as 
part of the BEI Defense Systems Hydra 70 


system. This model is based on the Mk 66 
WAFAR (Wrap-Around Fin Air Rocket) rocket 
motor core section, which weighs 13.6 Ib 
(6.17 kg). The core section contains a higher- 
impulse rocket motor which gives.a higher 
burn-out velocity than that provided by ‘the 
rocket motors of the Mk 4 and Mk 40 core 
sections, and in addition to its greater thrust 
this motor offers advantages. such as lower 
smoke emission, enhanced accuracy, and a 
40 per cent increase in range. Unguided 
rockets based on the Mk 66 core section can 
be used by fixed-and rotary-wing warplanes, 
and can carry a useful assortment of war- 
head types. Of the 20 possible warheads for 
the FFAR and WAFAR series, seven are in 
production during the mid-1990s: the only 
one of these optimized for use against 
armour is the 13.5-Ib (6.12-kg) M261, a multi- 
purpose submunition warhead carrying nine 
M73 hollow-charge fragmentation submuni- 
tions, which are released in the air (thereafter 
descending under spring-opened retarders) 
by the action of a fuse remotely set from the 
cockpit to provide optimum bursting condi- 
tions to create an aerial ‘wall in space’ of sub- 
munitions that then fall towards the most 
vulnerable upper surfaces of a tank or other 
armoured target. The combination of the Mk 
66 WAFAR core section and the M261 war- 
head with its integral fuse results in a weapon 
weighing 27.1 Ib (12.29 kg) with a burn-out 
speed of 2,605 mph (4,192 km/h) and a 
range that varies from a minimum figure of 


Reconnaissance vehicles 
such as this French AMX- 
10RC are little short of 
wheeled tanks. Though its 
protection is scanty by 
real tank standards, its 
combination of a high 
power/weight ratio and 6 x 
6 drive layout provides 
good cross-country 
mobility and speed, while 
its firepower is 
comparable with that of 
modern medium tanks in 
its reliance on a 105-mm 
(4.13-in) gun and an 
advanced fire-control 
system. (MARS) 
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550 yards (505 m) to a maximum figure of 
9,650 yards (8,825 m). 

Produced by Bristol Aerospace, the 
Canadian Rocket Vehicle 7 was designed for 
full compatibility with the FFAR type, espe- 
cially in warheads and launchers, but offers a 
considerably higher velocity for a flatter (and 
therefore more ‘aimable’) trajectory, less sus- 
ceptibility to gravity and crosswind effects, 
and some three times greater kinetic energy 
at impact. The rocket is spin-stabilized by a 
fluted exhaust nozzle, has three wrapround 
fins which are spring-opened immediately 
after launch for maximum stability and accu- 
racy, and is notable for its excellent combina- 
tion of multiple warhead options, consider- 
able range and low angular dispersion. The 
warheads intended for employment against 
armoured targets are the 8-Ib (3.63-kg) WAU- 
5001/B containing a plastic-cased tungsten 
rod penetrator for use against heavy tanks, 
the 8-Ib (3.63-kg) BAH-002 warhead contain- 
ing a plastic-cased steel rod penetrator for 
use against light and medium tanks, the 5-Ib 
(2.27-kg) BAH-004 under development with a 
Plastic-cased tungsten penetrator for long- 
range use against heavy tanks, and the 10-6 
(4.54-kg) WDU-5002/B under development 
with six low-drag tungsten rod flechette pen- 
etrators ejected at motor burn-out for use 
against armour. 

The CVR7 has a maximum speed of 2,798 
mph (4,503 km/h) when carrying a 10-Ib 
(4.54-kg) warhead after launch from a war- 
plane flying at 622 mph (1,001 km/h) and a 
typical range of 7,100 yards (6,490 m) in the 
air-to-surface role. 

As may be deduced from the figures 
above for the speed and warhead weights of 
air-to-surface unguided rockets, their kinetic 
energy on impact with the target is consider- 
able. But such rockets are difficult to launch 
with fine accuracy, so there remains scope 
for other airlaunched weapons for use 
against tanks. The cheapest of these is, of 
Course, the free-fall bomb, which is merely a 
fin-stabilized streamlined metal casing con- 
taining an explosive charge together with its 
fuse system. Experience has shown that the 
effect of a 500-Ib (227-kg) bomb on a tank is 
lethal, but the problem of hitting so small a 


target. especially when it is moving, is con- 
siderably more difficult with a bomb than with 
a salvo of rockets. 

But a bomb aimed at a tank with the aid of 
a modestly advanced fire-control system will 
land in the vicinity of the target, and this area 
accuracy prompted the development of the 
cluster bomb, in which the bomb casing is 
filled not with a unitary charge of explosive 
but with a number of specialized anti-tank 
submunitions. The bomb casing splits in the 
air at a predetermined moment, spilling its 
submunitions to fall to the ground in a pattern 
that effectively saturates an area including 
the target tank. 

Typical of such cluster bombs is a British 
weapon, the Hunting BL755 that was intro- 
duced in 1972. The woapon weighs 582 Ib 
(264 kg), and its casing contains 147 submu- 
nitions to provide a high ‘kill’ probability. When 
the bomb is dropped the primary striker is 
armed and, after a set interval, this fires the 
primary cartridge which rapidly generates the 
gas pressure to blow off the two-part bomb 
body skins and then fires the main gas car- 
tridge: this latter ejects the submunitions, 
which are accommodated seven to each of 
the weapon's 21 bays. Submunition ejection 
from each of the bays is varied in velocity to 
ensure the attainment of the desired pattern on 
the ground. Each submunition has a diameter 
of 2.68 in (68 mm) and length of 5.91 in (0.15 
m) as it is fired increasing to 1 ft 2 in (0.356 m) 
as the spring tail and nose probe deploy. The 
submunition is armed as it falls, and detonates 
on impact: the shaped-charge warhead can 
penetrate at least 250 mm (9.84 in) of armour. 

Entering the service in 1987, the Improved 
BL755 is a much enhanced version of the 
original BL755 (and possessing the same 
external dimensions and weights) but carry- 
ing considerably more powerful bomblets 
using the latest shaped-charge techniques. 
Each bomblet is still of 2.68-in (68-mm) diam- 
eter, but is 5.87 in (0.149 m) long as it is fired, 
lengthening to 2 ft 0.69 in (0.627 m) complete 
with extending nose probe and retarding 
parachute. The system makes full use of 
increased launch warplane attack accuracy, 
and the submunitions are retarded to 
increase their angle of attack, and thus their 
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armour-penetrating capability. 

The US Air Forces' equivalent to the BL755 
is the 'Rockeye II’ cluster bomb, but the 
American forces also have a number of con- 
Siderably more advanced weapons at their 
disposal. Typical of these latest anti-armour 
weapons is the CBU-97/B cluster bomb. This 
is the 914-lb (414.6-kg) so-called Sensor- 
Fused Weapon (SFW) intended to enter pro- 
duction in the 1990s to provide US tactical 
warplanes with the ability to make direct 
attacks on armoured formations. Each SFW is 
7 ft 8 in (2.337 m) long and comprises an 
SUU-64/B Tactical Munitions Dispenser car- 
rying a load of ten BLU-108/B submunitions: 
when released by the dispenser (under the 
control of a timer or altitude fuse) each of 
these deploys a parachute to slow its 
descent to a pre-set altitude, where a retro- 
rocket is fired to drive the pack upwards 
again, spinning rapidly so that the BLU- 
108/B's four Avo Skeet warheads are articu- 
lated outward on levers and then released to 
fall individually, oscillating so that each unit's 
infra-red sensor can search for a target within 
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an area of about 4,800 sq yards (4,015 m?) 
immediately below it; if no target is detected, 
the Skeet detonates just above the ground to 
cause blast and fragment damage to any 
soft-skinned target in the vicinity. 

The Skeet is the world's first production 
weapon of the 'self-forging fragment' variety, 
wobbling through the air so that its onboard 
sensor can detect the heat of a tank, where- 
upon the guidance system aligns the Skeet 
with the target and then detonates a trans- 
verse explosive sheet that imparts very high 
velocity to a 5.25-in (133-m) diameter slab of 
copper, iron, tantalum and uranium alloy, at 
the same time turning it into a streamlined 
self-forging fragment that hits the tank's 
weakest armour with a speed of up to 9,000 ft 
(2,743 m) per second. 

As indicated above, the cluster bomb was 
developed largely to provide an area-satura- 
tion weapon that would obviate the lack of 
terminal accuracy with free-fall bombs. Yet 
the ready availability and comparative 
cheapness of such unitary free-fall weapons 
was still attractive and early experience in the 


Known in Italian army 
service as the VCC-1 
Camillino, the Infantry. 
Armoured Fighting Vehicle 
was evolved by OTO 
Melara from an American 
armoured personnel 
carrier, the prolific M113. 
The vehicle has two 
machine-guns (one 0.5- 
in/12.7-mm weapon for the 
main gunner located 
alongside the commander 
at the front of the fighting 
compartment, and one 
0.3-in/7.62-mm weapon 
for a machine-gunner 
above the rear of the 
fighting compartment), 
and the five embarked 
infantrymen can also fire 
their weapons from inside 
the close-down vehicle. In 
this guise the AIFV is a 
mechanized Infantry 
Fighting Vehicle of only 
limited capability, but 
greater firepower derives 
rom the installation of an 
Emerson Improved TOW 
‘System with an elevating 
twin-tube launcher/sight 
system for the BGM-71 
anti-tank missile. (MARS) 
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The USSR was one of the 
first proponents of the 
mechanized infantry 
fighting vehicle concept 
with machines such as 
these BMP-1s. The main 
armament is a turreted 73- 
mm (2.87-in) low-pressure 
gun firing a HEAT 
Projectile in the anti-tank 
role. Further capability is 
provided by the 
installation of a launcher 
for the AT-3 'Sagger ог 
AT-4 ‘Spigot’ anti-tank 
missile. (MARS) 


Vietnam War, in which the USA was involved 
between 1961 and 1973, persuaded the US 
Air Force to expend considerable effort from 
the mid-1960s in the creation of a pro- 
gramme to improve the terminal accuracy of 
free-fall bombs. This led to the Texas 
Instruments 'Paveway' series of laser-guided 
bombs, of which the first were introduced in 
1967 after the initial release of a laser-guided 
development weapon in 1965. 

The designation ‘Paveway 1' is used for a 
series of add-on laser-homing kits, which-are 
marked-target seekers and associated control 
Surfaces. Each kit, designed to be added on 
the nose of the basic bomb, weighed about 
30 Ib (13.6 kg) and increased the-bomb's 
overall length by some 6 in (0.15 m): the com- 
plete unit was in fact 3 ft 4 in (1.01 m) long. but 
this was'offset by a reduction in the length of 
the tail surfaces, which were fixed surfaces of 
trapezodial planform. The kit could be fitted to 
Standard low-drag bombs for maximum accu- 
racy when used in conjunction with an air- or 
ground-based laser designator. Several proto- 
lype kits were evolved, but the only two to 
enter service were the KMU-351A/B and KMU- 
388A/B, resulting in two weapons in the 
Guided Bomb Unit category, namely the GBU- 
10 ‘Paveway 1’ with the KMU-351A/B on the 
2,000-Ib (907-kg) Mk 84 bomb and the GBU- 


12 ‘Paveway |’ with the KMU-388A/B on the 
500-Ib (227-kg) Mk 82 bomb. The 'Paveway I 
Soon proved in operations from 1968 that its 
Primary benefit, other than the very high 
degree of terminal accuracy, was that the 
launch warplane needed no modification to 
carry the weapon and after weapon release 
could depart from the target area unless it was 
the laser-designator machine, 

Entering service in 1980, the "Paveway II' is 
an improved series based on the same basic 
‘concept but with a simpler (thus cheaper) 
guidance package and a folding wing group. 
(comprising spring-open extensions to the 
fixed tail fins for extra manoeuvrability and 
additional horizontal range) added at the tail. 
There are several members of this important 
family, but the only ono used in the anti-tank 
role is the GBU-12B/C/D ‘Paveway II’ based 
on the Mk 82 bomb. In each case the 
weapon functions in a manner basically simi- 
lar to that of the ‘Paveway І" series: the gim- 
balled laser seeker at the extreme nose is 
aligned by its ring tail with the velocity vector 
of the falling bomb, and detects laser radia- 
tion reflected from the ‘illuminated’ target, the 
different strengths of the reflections on each 
of its four internal quadrants being passed to 
the computer for the generation of com- 
mands signalled to the cruciform of canard 
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control fins. Operational service revealed that 
while the system was extremely accurate, the 
use of a 'bang/bang' control system, in which 
the control surfaces are moved to their maxi- 
mum deflection position each time a com- 


mand is received, increased drag and 
therefore reduced range. 

Comparable weapons have been devel- 
oped in France, Israel and the USSR (now 
CIS), and there. are also similar weapons of 
Israeli, Soviet (now Russian) and US design 
using infra-red or optical guidance. 

These terminally guided bombs are in 
effect  unpowered guided missiles, but 
greater stand-off range and higher short- 
range terminal velocity can be achieved with 
true guided missiles. Typical of the Western 
air-to-surface missile used in the anti-tank 
role by warplanes such as the Fairchild 
Republic A-10A Thunderbolt Il, which can 
carry two triplets of such weapons under its 
wings, is the Hughes AGM-65 Maverick that 
is still in large-scale production and develop- 
ment. Authorization to proceed with this. small 
but exceptionally capable multi-role ASM 
was given in 1965, the object being the cre- 
ation, production and deployment of a more 
advanced but still subsonic type to replace 
the Martin Marietta AGM-12  Bullpup. 
Development and initial production proceed- 
ed without undue problem, and the AGM-65A 
entered service with the US Air Force during 
1972 as the first production variant. The 
Maverick adheres to the standard configura- 


tion of Hughes missiles in its large cylindrical 
body carrying a cruciform of swept low- 
aspect-ratio delta wings, and a cruciform of 
rectangular control surfaces close-coupled to 
the rear of the wings. The AGM-65 series is 
the smallest fully guided ASM family in the US 
inventory, and certainly the West's most 
important weapon of its type, largely because 
in all its versions it is a completely fire-and- 
forget type. The AGM-65A is the initial TV 
imaging version (often known as the TV 
Maverick), and suffers the tactical disadvan- 
tage of low magnification for its nose-mount- 
ed camera, forcing the pilot of the launch 
warplane to fly close to the target before he 
can secure a solid lock before missile launch 
and subsequent àutomatic attack. Once he is 
in the vicinity of the target, the pilot selects a 
missile and this process initiates the missile's 
gyro, which illuminates a light in the cockpit 
as it runs up to speed. The pilot then acquires 
а target optically and activates the nose- 
mounted TV camera. The image from this 
camera in displayed on a cockpit screen, the 
pilot brings the target image into this display 
by slewing the camera in the missile nose or 
aligning his warplane so that the target 
appears in his sight or HUD, depresses the 
tracking switch and waits until the target 
image is centered on the cockpit display 
before releasing the switch to lock the image 
into the missile's guidance package, and 
finally fires the missile. for its autonomous 
attack. The AGM-65A's data include a diame- 


The West German army's 
Marder heavyweight 
mechanized infantry 
combat vehicle is now 
elderly in basic design but 
is still a potent fighting 
vehicle. In addition to its 
crew of three and six 
embarked infantrymen, 
the Marder has a turreted 
20-mm cannon forward of 
the infantry compartment 
and a remotely controlled 
7.62-mm (0.3-in) machine- 
gun above the right rear of 
the infantry compartment. 
RS) 
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A vehicle similar to the 
AMX-10RC in its 
approximation to a 
wheeled tank is another 
French machine, the ERC 
armoured car. This has 
appeared in a number of 
forms, but is here 
epitomized by ERC 90 F1 
Lynx vehicles of the 

lexican army. In this 
model, the standard 6 x 6 
hull is topped by a 
manually operated turret 
accommodating a 90-mm 
(3.54-in) gun controlled 
via a modestly advanced 
fire-control system. 
(MARS) 
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ter of 1 ft O in (0.305 m) and length of 8 ft 2 in 
(2.49 m), weights of 463 Ib (210 kg) for the 
complete missile and 125 Ib (56.7 kg) for the 
Shaped-charge warhead containing 83 Ib 
(37.6 kg) of explosive, supersonic speed and 
range that varies from a minimum figure of 
985 yards (900 m) to a maximum figure of 
26,400 yards (24,140 m). 

The Maverick has also been developed 
and produced in a number of variants with a 
larger warhead and/or different guidance 
packages suiting the type for a number of 
other roles, but the variants used most fre- 
quently for the anti-tank role as the AGM-65A, 
the AGM-65B ог Scene-Magnification 
Maverick introduced in 1980 with double the 
image magnification of the AGM-65A to over- 
come some of the earlier version's tactical 
disadvantages and provide target acquisi- 
tion, lock-on and firing at a longer slant range 
and more quickly than is possible with the 
AGM-65A, the AGM-65D or Imaging Infra- 
Red Maverick for superior operational capa- 
bility at night or in rain and mist as well as 
features such as a lock-on range of at least 
twice that of the AGM-65A/B and the ability to 
distinguish between live (and therefore hot) 
targets and dead (and therefore cold) 
decoys or hulks, and the AGM-65E or Laser 
Maverick with the Hughes tri-service laser 


seeker and digital Processing ae well as а 
more powerful 30046 (136-kg) Avco pene- 
trating blast/fragmentation warhead 

The Maverick may be taken as typical of 
the modern ASM in its anti-tank capability, 
and other such weapons have been devel- 
oped by France and the USSR (now CIS). 
Another type of ASM for the anti-tank role is 
the wire-guided missile originaily intended for 
ground-launched use over medium ranges, 
and thus considerably lighter than the pur- 
pose-designed ASM. The capabilities of such 
weapons matured rapidly, and the type was 
then adapted for air launch by dedicated 
anti-tank helicopters now epitomized by the 
Bel AH-1 HueyCobra and McDonnell 
Douglas Helicopters AH-64 Apache from the 
USA, the Wectland Lynx from the UK, the 
Aérospatiale AS 565 Panther from France, 
the Eurocopter Tiger/Tiger from France and 
Germany, the Agusta A 129 Mangusta from 
Italy, and the Mil Mi-24 ‘Hind’ from the USSR 
(now CIS). The ease with which such missiles 
and their guidance packages can be 
attached to light helicopters, moreover, 
means that small machines such as the 
Aérospatiale SA 341/342 Gazelle, MBB BO 
105 and McDonnel Douglas Helicopters MD- 
500 Defender can be outfitted with four or six 
missiles such as the Euromissile MILAN and 
the Hughes BGM-71 TOW. These are based 
on semi-automatic command to line-of-sight 
guidance, which requires the operator to 
keep his sight on the target: the guidance 
package thus watches the flare on the mis- 
Sile's tail and issues commands to make the 
missile and target coincide in space to 
ensure impact and the optimum detonation of 
the anti-tank warhead 

The TOW  (Tube-launched Optically- 
tracked Wire-guided) weapon is currently the 
anti-tank missile most widely used in ground- 
and air-launched applications. The earliest 
model was the BGM-71A Basic TOW that 
entered service in 1970. The missile is a 
heavyweight of its type, and has proved its 
capabilities in several wars as a result of its 
reliability, high degree of accuracy, and a 
warhead that has shown itself able to pene- 
trate 600 mm (23.6 in) of armour, but the 
range of this initial model is limited to 3,280 
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yards (3,000 m) by the length of its guidance 
wires. The BGM-71A has a diameter of 6 in 
(152 mm) and a length of 3 ft 10.25 in (1.174 
m), its weights are 49.6 Ib (22.5 kg) for the 
complete missile and 8.6 Ib (3.9 kg) for the 
warhead that includes a 5.3-lb (2.4-kg) 
shaped charge, and performance figures 
comprising a speed of 700 mph (1,127 km/h) 
and a range that varies from a minimum fig- 
ure of 70 yards (65 m) to a maximum figure of 
3,280 yards (3000 m) 

The BGM-71B Extended-Range TOW is the 
improved version produced from 1976 with 
greater range through the lengthening of the 
guidance wires to 4,100 yards (3,750 m). 
Introduced during 1981 in response to the 
development of Soviet tanks with improved 
armour, the BGM-71C Improved TOW is an 
interim model carrying an updated and 
improved warhead with LX-14 explosive and 
a telescoping nose probe 1 ft 3 in (381 mm) 
long: this latter extends in flight to ensure a 
perfect stand-off distance for the detonation 
of the improved shaped-charge warhead, 
which can puncture 700 mm (27.6 in) of 
armour. The model has a length of 5 ft 10 in 
(1.778 m) with the probe extended, and 
weighs 56.65 Ib (25.7 kg). Introduced in 1983 


as the standard US weapon for tackling the 
latest Soviet tanks at long range, the BGM- 
71D TOW 2 has a guidance system hard- 
ened against countermeasures, an improved 
double-base motor offering about 30 per cent 
greater impulse, and a 13.2-Ib (6-kg) war- 
head increased in diameter from 5 to 6 in 
(127 to 152 mm) and provided with a nose 
probe 1 ft 9.25 in (540 mm) long to ensure 
optimum stand-off detonation distance for an 
armour penetration figure of 800 mm (31.5 
in). This significant variant weighs 61.95 Ib 
(28.1 kg) and, though it can be fired from the 
original analog-electronics launcher, it is 
designed for use with an improved digital- 
electronics launcher fitted with thermal as 
well as optical sights, and with a more 
advanced guidance package. 

During the 1980s Hughes proposed three 
developments of the already powerful TOW 2 
weapon. The first of these to enter service, in 
1987, was the BGM-71E TOW 2A with an 
improved direct-attack warhead with tandem 
charges to defeat reactive and then core 
armour: a small explosive charge on the nose 
probe is designed to trigger the detonation of 
the targets ERA (Explosive Reactive 
Armour), so opening the way for the 


One of the primary 
advantages offered by the 
creation of a well- 
designed armoured 
personnel carrier or 
mechanized infantry 
vehicle is its ready 
adaptability to alternative 
roles. This concept 
provides virtual identity of 
battlefield mobility, 
simplified crew training, 
and reduced logistic 
holding. This vehicle is the 
Radarpanzer TUR, a 
derivative of the German 
Marder MICV with an 
elevating arm carrying the 
antenna of a surveillance 
radar, and the infantry 
compartment heightened 
and adapted for the radar 
display and control units 
(MARS) 
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By adding an FL-13 
oscillating turret with its 
105-mm (4-131) gun io 
the chassis of the Saurer 
4K 7FA tracked armoured 
personnel carrier, the 
Austrians have developed 
the SK 105 Küassier as a 
simple yet effective light 
tank offering moderately 
good firepower and good 
Cross-country mobility. 


(MARS) 
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gas/metal vapour jet of the missile’s main 
HEAT charge. The variant is externally identi- 
cal to the BGM-71D, but later weapons also 
introduced the British-developed FITOW 
guidance and fusing improvements for an 
additional 'pop up' top attack as the missile 
overflies the target tank: the tandem war- 
heads (using explosively created self-forging 
fragment technology) are therefore arranged 
lo fire obliquely forward and downward, the 
first triggering the target's reactive armour 


and the second thus having a clear path to 
penetrate the armour proper. The warhead 
package also contains a dual-mode sensor 
package for optimum detonation of the war- 
heads. This sensor package includes opt- 
ronic and magnetic components, the former 
to acquire the target by shape and the latter 
by its iron content. Though the TOW 2A works 
in its basic elements, doubts about its real 
operational utility have been expressed as 
operators have found it very difficult to control 
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the nose-heavy missile. 

Entering service in 1991 as the second 
improved variant of the TOW 2, the BGM-71F 
TOW 2B has a blunt nose carrying a dual 
guidance package (passive IR and active 
millimetric-wavelength radar) and a dual war- 
head system employing explosively formed 
penetrators. The third improvement proposed 
by Hughes has a wire-less command system 
of unspecified type, supersonic speed and a 
range of 10,000 yards (9,145 m). Other 
improvements in the pipeline for the TOW 
series include a new motor to reduce the mis- 
sile's time of flight, and hence the launch heli- 
copter's window of vulnerability. The new 
motor will also extend range and prevent the 
‘pitch up’ that occurs as current missiles 
reach their maximum range. 

It is also worth noting that in addition to their 
basic infantry-operated ground role, weapons 
such as the TOW and MILAN have also been 
adopted for tank destroyer versions of 
armoured personnel carriers and infantry fight- 
ing vehicles. These generally carry a launcher 
unit (complete with sight) that can be raised 
above the hull so that the vehicle can attack its 
prey from a hull-down position. Once a target 
has been destroyed, the launcher unit is 
retracted so that the crew can dispose of the 
launcher for the expended round and load a 
fresh round from the ready-use supply 
embarked in the erstwhile infantry volume. 

As can be seen from the section above, 
the types and characteristics of modern anti- 
tank weapons, both air and ground- 
launched, are great and formidable in the 
extreme. The overall performance of such 
modern weapons has persuaded some peo- 
ple that the day of the tank is effectively at an 
end. The tank, such critics argue, has lost its 
freedom to operate effectively on the.battle- 
field because minefields (either permanent or 
laid in short order by special vehicles or even 
by fixed-wing warplanes or helicopters in 
times of crisis) can be used to channel tank 
formations into killing zones where they can 
be engaged decisively be heavy artillery, air 
and ground-launched missiles, and the 
increasingly sophisticated range of air- 
launched dispenser weapons. To such crit- 
ics, the decisive factor is basically the 


cost-effectiveness equation that places on 
one side the vulnerable tank that is expensive 
and therefore impossible to produce in ade- 
quate numbers, and on the other the diversity 
and increasing effectiveness of anti-tank 
weapons of all varieties, which are compara- 
tively cheap and can therefore be produced 
in relatively vast quantities for static, land- 
mobile and air-mobile use. 

The argument of the tank critics is a telling 
one, and clearly reflects a true tactical situa- 
tion. But the tank proponents claim that for the 
lack of the concrete evidence provided by 
modern high-intensity battlefield operations 
with the latest weapons on each side, the posi- 
tion of the critics has been overstated. The 
proponents of the tank therefore aver that the 
tank is not as vulnerable as its critics claim, 
and that its vulnerability is in fact declining as 
new technology is brought into play. This tech- 
nology is of an increasingly sophisticated 
nature and is claimed to offer new levels of 
firepower, protection and mobility. There is no 
doubting that the tank proponents' claim is 
also true to a very large degree: for example, 
the HEAT warhead has long been thought to 
provide the key to the tank's destruction at 
medium and long range, but the efficiency of 
this type of warhead has been steadily eroded 
by the adoption of features such as skirts, 
spaced armour, composite armour, laminate 
armour and reactive armour. The techno- 
logical battle between the tank and its killers 
sways back and fourth, as is always the case 
with weapons and their counters, and while 
any improvement in tank technology calls forth 
the skills of the anti-tank weapon designer to 
produce a solution, that in turn spurs the tank 
designer to further effort, etc. 

That most armies do not necessarily share 
the optimism of those who claim the tank is 
obsolete as a primary weapon seems to be 
indicated by the pace with which they con- 
tinue to press ahead with tank development. 
This is now a lengthy and highly complex 
business, and the advent in recent years of a 
number of major battle tanks has produced a 
temporary plateau in the development cycle 
in which designers are using their time to 
investigate a number of alternatives to the 
conventional, weighty and expensive main 
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Air-to-surface missiles 
such as this Hughes 
AGM-65E Maverick now 
give modern warplanes a 
potent anti-tank capability. 
Whereas older ASMs had 
to be guided to their target 
by an operator in the 
launch warplane, modern 
weapons, such as the 
Maverick, are of the ‘fire- 
and-forget' type using 
either an internal guidance 
System or, in the case of 
the Laser Maverick, a 
Semi-active system relying 
on laser-illumination of the 
target by a third-party 
designator. (MARS) 
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battle tank. This reflects in part the potential 
lethality of the latest anti-tank weapons, but 
also the emergence of new technologies that 
may allow the designers to strike off at a prof- 
itable tangent. 

From the mid-1980s West Germany (just 
Germany since the unification of the previous 
separate East Germany and West Germany 
in 1990) has been investigating the possibili- 
ties for a new main battle tank of the highest 
qualitative standard for service towards the 
end of the century. West Germany was col- 
laborating with France on a main battle tank 
for the 1990s, but this project fell through in 
1982 when the differing service entry dates 
required by the partners became too great: 
France wanted an in-service date of 1991 
whilst West Germany thought in terms of 
1996. After the collapse of the collaborative 
project the West German defence ministry 
called for submissions for a new Leopard 3 
main battle tank, Krauss-Maffei and Krupp 
Мак, each submitting five different options: 
an altogether new tank; a Leopard 2 revised 
with: a low-profile turret accommodating a 
two-man crew and an automatically loaded 
120-mm (4.72-in) gun, a Leopard 2 revised 
with a low-profile turret accommodating a 


three-man crew including a seated gunner 
supported by a loading-assistance device, а 
modified version of the Leopard 2, and an 
additional batch of Leopard 2 including all 
the current developments. In 1984 Krauss- 
Maffei was contracted to study three devel- 
opments on the Leopard 2 chassis, while 
Krupp MaK was alternatively contracted to 
study an allnew vehicle. West Germany 
planned to complete the studies by 1989, 
with full-scale development of the best option 
following between 1990 and 1995 for a pro- 
duction launch in 1988 to replace the 
Leopard 1 with 1,300 of these Kampfwagen 
90 main battle tanks. No other details have 
been released, though West Germany did 
announce that the KW 90 would be the last of 
a series of new armoured vehicles to include 
а tank-destroyer with a 120-mm (4.72-in) 
smooth-bore gun, a missile-armed anti-tank 
and anti-helicopter vehicle, and a mecha- 
nized infantry combat vehicle. 

India is typical of the countries that are now 
entering the field of main battle tank design, 
in India's case after cutting its teeth on 
licensed production (the Vijayanta followed 
by the T-72). The requirement for the Arjuna 
was issued as far back as 1972 and work 
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began in 1974. The first prototype was 
revealed in 1985 with an Indian-developed 
120-mm (4.72-in) rifled gun, an Indian fire- 
control system based on that developed for 
the Vijayanta upgrade programme and 
including a laser rangefinder and thermal 
imaging sights, hydropneumatic suspension 
and a weight in the order of 60,000 kg 
(132,275 Ib). It had originally been planned to 
use a 1,500-shp (1,118-ekW) gas turbine, but 
the plan was then revised to a diesel engine 
of similar rating. With turbocharging, how- 
ever, current models of this Indian engine are 
rated at only 1,000 hp (746 kW), and even if 
tardy development increases this figure to 
the originally specified figure the 15,000-kg 
(33,069-Ib) increase in the tank's weights will 
result in performance and agility far inferior to 
the desired levels. The Indian army has also 
expressed its reservations about several 
aspects of the basic design including hull 
and turret design, a low rate of fire and over- 
all lack of system integration. The cost of the 
programme has also risen enormously, and 
an earliest possible in-service date during the 
late 1990s seems inevitable for a vehicle pro- 
jected nearly 30 years earlier. 

The increasing cost of tank development 
has promoted continued efforts towards 
international programmes. These have been 
singularly unsuccessful to date, but nationally 
inspired efforts have recently been largely 
supplanted by commercially led attempts to 
develop tanks with a broader base of inter- 
national market appeal. Typical of this 
approach to shared risk-taking and lower unit 
costs through large-scale sales to smaller 
countries are the Franco-German Clovis 
multi-role combat tank, the Anglo-American 
VFM 5 main battle tank, and the Anglo- 
German Main Battle Tank Mk 7. The 32,100- 
kg (70,767-lb) Clovis is a comparatively 
lightweight competitor that combines a West 
German hull (based on that of the Marder 
mechanized infantry combat vehicle) with the 
French Fives-Cail Babcock FL-20 two-man 
turret mounting a 105-mm (4.13-in) main gun 
and a 20-mm co-axial cannon. The Clovis 
has reached only the prototype stage, and 
the same applies to the VFM 5. This is anoth- 
er lightweight turning the scales at only 


43,550 Ib (19,754 kg), and combines the 
FMC-produced hull of the Close Combat 
Vehicle (Light) with a Vickers Defence sys- 
tems three-man turret armed with a 105-mm 
(4.13-in) Low Recoil Force gun and fitted with 
a Marconi integrated fore-control system that 
provides full gun stabilization and a high- 
quality fire-control solution based on a laser 
rangefinder, stabilized day and night sight, a 
muzzle reference system and a ballistic com- 
puter. The Main Battle Tank Mk 7 is an alto- 
gether more formidable piece of equipment 
that combines a hull based on that of the 
West German Leopard 2 with the turret 
designed by Vickers for its abortive Valiant 
main battle tank. The result weighs 54,640 kg 
(120,459 Ib), and the turret carries a 120-mm 
(4.72-in) L11 series rifled gun provided with 
full stabilization and control by a Marconi 
Centaur advanced fire-control system. The 
turret is fitted with Chobham laminate armour 
over its front and sides, and other advanced 
items are an NBC system and an automatic 
fire- and explosion-suppression system. The 
Vickers Main Battle Tank Mk 7 has completed 
exhaustive trials with excellent results, but 
has yet to be ordered into production. 
Though the USSR was obviously commit- 
ted to the development of new tanks closing 
still further, or indeed eliminating the qualita- 


Long-range rocket 
systems such as the 
Multiple-Launch Rocket 
System use a high-quality 
fire-control system to 
ensure that iis unguided 
rockets deliver their 
multiple payloads with 
great accuracy over long 
ranges. (MARS) 
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The interior of any modern 
tank is inevitably cramped 
and cluttered as the 
designers try to cram the 
maximum amount of 
equipment into the 
smallest possible volume. 
The very sophistication of 
modern sighting and fire- 
control systems 
complicates this problem, 
for such equipments need 
frequent servicing, and 
the skill of the design team 
is taxed to the limit in 
using ergonomic design 
principles to ensure that 
the crew men have 
enough comfort to avoid 
early degradation of their 
combat performance. 
(MARS) 


tive gap between its service tanks and those 
of the Western alliance, no details of such 
Soviet developments have been released in 
the open literature on the subject. It is likely, 
however, that they parallel American devel- 
opments along a number of interesting 
avenues. During the late 1980s the economic 
pressure of trying to match the American 
defence capability finally caught up with the 
Soviets at a time. when there were increasing 
demands for political reform, and this result- 
ed in the end of the USSR. This was trans- 
formed into the Commonwealth of 
Independent States, a loose federation of 
autonomous republics that has since been 
riven by civil and 'international' wars, funda- 
mental political, economic and nationalistic 
disagreements between Russia and the now 
states on its eastern and southern borders, 
and devastating financial problems and the 
new political grouping seeks to adopt a capi- 
talist free-market economy in place of the 
earlier communist centralized economy. 

This has in itself devastated the current mil- 


itary potential of the states of the erstwhile 
USSR, and has meant the wholesale cancel- 
lation of many military development pro- 
grammes. Moreover, most of the USSR's 
previous satellites in the Warsaw Pact have 


now become independent in tact ae wall ac in 
theory, and have in general tumed their 
backs on new Russian military equipment as 
and when their original Soviet weapons begin 
to wear out or becomo obcoloto. Thie 
reduced market for Russian weapons has fur- 
ther eroded the numbers of each type which 
the Russian factories can hope to produce. 
increasing unit cost to the point at which such 
weapons become less and less affordable. 
The net effect of these totally fundamental 
changes, evidenced by the creation of the 
CIS out of the USSR, has been to end the 
'Cold War' between the two previous super- 
powers and bring to an end some 40 years of 
military confrontation between the alliances 
headed by the USA and the USSR. An imme- 
diato result of thie easing of world tonoion hao 
been the so-called ‘peace dividend’, result- 
ing from drastically curtailed military expendi- 
ture on each side of the now-fallen ‘Iron 
Curtain’. The effect of this on the CIS has 
been mentioned above, and a similar result is 
readily discernible in the countries of the 
North Atlantic Treaty Organization alliance, 
who have all trimmed their military establish- 
ments in accordance with, if not in fact further 
than, the levels deemed adequate for a time 
of eased tensions. So far as the tank is con- 
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cerned, this trimming of the military establish- 
ment had also meant a drastic cut in 
research and development budgets as 
finance ministries decide that armies must 
now make do with current equipment rather 
than anticipate large-scale production of 
more advanced weapon systems intended to 
provide a qualitative edge over the USSR. 

Itis as yet uncertain what effect this curtail- 
ment will have on the US Army's armoured 
equipment. Well satisfied with its current M1 
Abrams and its development potential, the 
Americans were pushing forward with the 
evolution of a number of slimmed-down tank 
concepts to provide lightweight operational 
vehicles that also opened the way for other 
developments: the rationale for these light- 
weight vehicles is greater tactical mobility 
combined with a high level of operational and 
strategic air-portability so that far-flung forces 
can be equipped from centralized stocks in 
the USA rather than having to rely on pre- 
positioned heavy weapons as is now the 
case, for example, with the US Marine Corps 
force earmarked for operations in Norway or 
the Central Common (née Rapid-Deployment 
Joint Task Force) earmarked for larger-scale 
operations in the Middle and Near Easts. 

The service that has led the way in calling 
for the new vehicles is the US Army, whose 
programme centres on the unfunded but 
potentially profitable Armoured Gun System 
requirement. FMC, a major producer of the 
lighter types of armoured vehicle, has 
responded with its Close Combat Vehicle 
(Light) prototype, which can perhaps be 
linked to a tank destroyer in many respects 
as it has a heavy turret-mounted gun on a 
lightweight tracked chassis for an overall 
weight of 42,800 Ib (19,414 kg). The design 
requirement called for mobility equal to that 
of the M1 main battle tank and M2 Bradley 
infantry fighting vehicle, a main gun capable 
of defeating any vehicle able to engage it, 
air-portability їп the Lockheed C-141 
StarLifter logistic and Lockheed C-5 Galaxy 
strategic transport aircraft, and the facility for 
LAPES (Low-Altitude Parachute Extraction 
System) delivery by the Lockheed C-130 
Hercules tactical transport aircraft. Additional 
requirements were high reliability and an 


early in-service date by use of proved com- 
ponents wherever possible. 4 

The first CCVL prototype was completed in 
August 1985. The hull is of welded aluminium 
armour with a layer of steel, and makes 
extensive use of components-from the M113 
armoured personnel carrier and M2 infantry 
fighting vehicle. The easily removed power- 
pack comprises a 575-hp (429-kW) Detriot 
Diesel 6V-92TA diesel and a General Electric 
hydromechanical transmission as used 
respectively in the Heavy Expanded Mobility 
Tactical Truck and M2. The low-profile turret 
is again built of welded aluminium armour 
with a layer of steel, and is armed with a 105- 
mm (4.13-in) M68A1 rifled gun as used in the 
M60A3 and M1, firing the standard US range 
of ammunition for this ordnance. The com- 
mander and gunner are located to the left of 
the weapon, the area to its right being occu- 
pied by the FMC Northern Ordnance Division 
automatic loader that holds 19 of the CCVL's 
43 rounds and allows a fire rate of twelve 
rounds per minute. The turret and gun drives 
are basically similar to those supplied by 
Cadillac Gage for the M1A1, and the fire-con- 
trol system is similar to that in the M1 series 
with a Computing Devices of Canada com- 
puter, various sensors, a laser rangefinder 
and stabilized thermal imaging and optical 
sights supplied by Hughes Aircraft. 

To the same basic requirement Teledyne 
Continental has produced another three-man 
machine, the 42,000-Ib (19,051-kg) Direct 
Fire Support Vehicle. The prototype was first 
trialled as a complete unit in 1985 after sepa- 
rate evaluation of the hull and turret. Though 
the DFSV has the same conceptual feature 
as the CCVL in its use of a 105-mm (4.13-in) 
rifled gun with an automatic loader, higher 
levels of crew survivability have been provid- 
ed by making the main armament an 
unmanned, trunnion-mounted system above 
the hull, so that most of the armour can be 
reserved for protection of the crew compart- 
ment. The powerpack is located in the 
extreme front to provide extra protection for 
the crew, and comprises a 500-hp (373-kW) 
Cummins VTA-903T diesel and the same 
hydro-mechanical transmission as used in 
the CCVL. The drive sprockets are at the 
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The AAI Rapid- 
Deployment Light Tank is 
perhaps a harbinger of 
future tank development 
practices, for the crew are 
all located under cover in 
the low hull, and the 
armament is a 75-mm 
(2.95-in) ARES high- 
velocity gun in a remotely 
controlled mounting and 
fed from a 60-round 
magazine/automatic. 
loader system. (MARS) 
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front, and the running gear on each side 
comprises five road wheels with hydropneu- 
matic suspension, two track-return rollers 
and a rear idler. The hull is made of steel, 
Steel and ceramic composite, aluminium 
armour and Kevlar, with applique ceramic for 


enhanced protection in key areas, and 
accommodates the drive at the front with the 
commander and gunner side-by-side behind 
and slightly above him. The remotely con- 
trolled main gun is located above the hull 
rear, and has a long-recoil system and auto- 
matic loader developed by ARES: the latter is 
a nine-round unit between the commander 
and gunner in the turret basket, feeding 
rounds automatically to the loader behind the 
gun breech and being itself topped up from 
two ten-round revolver magazines in the hull 
rear; there is also a reserve supply of 15 
rounds for manual loading into the revolvers 
as required. The turret and gun drives are 
basically those of the M2 Bradley, while the 
fire-control system is that of the M60A3 aug- 
mented as required by thermal sights. 

A lighter vehicle has been developed entire- 
ly as a private venture by the AA1 Corporation 
to meet the supposed needs of the Rapid- 
Deployment Force. This Rapid Deployment 
Force Light Tank (RDF/LT) uses experience 
gained by the manufacturer with its High 
Survivability Test Vehicle (Light), and is an all- 
aluminium vehicle with a crew of three, a 
weight of 29,600 Ib (13,427 kg) and armed with 


a 75-mm (2.95-in) ARES cannon and automatic 
loader (fed from a 60-round hull magazine) in а 
low mounting immediately behind the crew 
compartment, or in a one-man turret of very low 
profile. High performance is claimed for the 
vehicle and its armament, and for possible 
export orders the manufacturer has developed 
a revised model with a two-man turret and 76- 
mm (3-in) M32 gun as fitted in the M41 Walker 
Bulldog light tank. 

All these vehicles are notable for their stan- 
dard suspension systems, high power-to- 
weight ratios for great agility and good 
all-round performance, low-profile weapon 
mountings with automatic loaders, high levels 
of protection through the use of composite 
armour of different types, and generally solid- 
state electronics in their advanced systems. 
The result, even at this largely experimental 
level, is a series of vehicles offering great fire- 
power relative to vehicle weight, good pro- 
tection, high levels of mobility and 
performance, and low observability through 
their adoption of a low-profile silhouette and 
an increasing level of thermal mitigation. 
Such tendencies are certain to follow in the 
next generation of main battle tanks, to be 
joined later by more advanced guns (per- 
haps using liquid propellants and firing more 
capable projectiles with the possibility of ter- 
minal guidance). 

As the longer-term importance of develop- 
ing more advanced and therefore more 
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expensive tanks is questioned in the light of 
decreased international tensions, a greater 
emphasis is being placed on simpler and 
therefore less costly machines. A case in 
point in the ‘peacekeeping’ effort undertaken 
from the early 1990s by the United Nations in 
the former Yugoslavia, where several civil 
wars have and are being waged between the 
Bosnian, Croat and Serb minorities after the 
collapse of the federal state. Heavy armour 
would be inappropriate at the psychological 
as well as the technical level for the peace- 
keeping role, but the British, French and 
Ukrainian contingents have made effective 
use of machines such as heavyweight 
wheeled reconnaissance vehicles and mech- 
anized infantry combat vehicles. 

The wheeled reconnaissance vehicles can 
be regarded as the modern counterpart of 
the armoured car that remained useful up to 
the period immediately following the Second 
World War, and has all-wheel drive for good 
cross-country mobility. But whereas the 
armoured car was generally armed to light 
tank standard, the modern reconnaissance 
vehicle is armed to medium tank standard 
and, in some cases, even to main battle tank 
standard. The type is usually outfitted with a 
modern fire-control system, but is compara- 
lively lightly protected as its relies on speed 


and agility rather than armour as its primary 
means of defence. The calibre of the arma- 
ment and the sophistication of the associated 
fire-control system also mean that such 
reconnaissance vehicles can gainfully be 
employed in the complementary fire-support 
and tank destroyer roles. 

Typical of modern reconnaissance’ vehi- 
cles are the Belgian 17,500-kg (38,580-Ib) 
BN Constructions SIBMAS AFSV-90 with 6 x 
6 drive and a 90-mm (3.54-in) gun, the 
Brazilian 13,400-kg (29,541-Ib) ENGESA EE- 
9 Cascavel Mk IV with 6 x 6 drive and a 90- 
mm (8.54-in) gun, the French 15,880-Ib. 
(35,009-Ib) GIAT AMX-10RC with 6 x 6 layout 
and a 105-mm (4.13-in) gun, the French 
10,000-kg (22,046-Ib) Panhard ERC 90 F4 
Sagaie 2 with 6 x 6 drive and a 90-mm (3.54- 
in) gun, the French 13,500-kg (29,762-Ib) 
Renault VBC 90 with 6 x 6 drive and a 90-mm 
(3.54-in) gun, and the Italian 8,000-kg 
(17,637-Ib) IVECO Tipo 6616/90 with 4 x 4 
drive and a 90-mm (3.54-in) gun. 

The mechanized infantry fighting vehicle is 
really the modern development of the 
armoured personnel carrier with the same 
provision for an embarked detachment of 
infantry, but with the APC's small manually 
operated machine gun turret replaced by a 
larger powered turrret accommodating the 


The latest British light 
armoured fighting vehicle 
is the Warrior MIBV. which 
carries as its main 
armament the powerful 
30-mm RARDEN cannon 
with excellent capabilities 
against other light AFVs 
(MARS) 
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An important feature in the 
design of any AFV turret is 
the angle of depression it 
allows the main armament: 
the larger this angle, the 
more effectively the 
vehicle can adopt a hull- 
down position. Such a 
hull-down position 
reduces the vehicle's 
detectability and 
vulnerability without 
sacrifice of firepower. This 
is an ERC reconnaissance 
vehicle, whose gun can 
be depressed to -8° 
(MARS) 
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Commander and gunner, a cannon between 
20 and 30 mm in calibre and often fitted with 
а two-axis stabilization System for accurate 
fire on the move, and a modestly advanced 
fire-control system. There are a number of 
wheeled MICVs, but the most capable vehi- 
cles of this type are based on a fully tracked 
chassis. Typical of this breed are the British 
54,000-Ib (24,494-kg) GKN Warrior with a 30- 
mm cannon, ChinesejBritish 16,000-kg 
(35,273-Ib) NORINCO/Vickers NVH-1 with a 
25-mm cannon, the French 14,500-kg 
(31,996-Ib) GIAT АМХ-10Р with a 20-mm 
cannon, the German 30,000-kg (66,138-Ib) 
Thyssen Henschel/Krupp MaK Marder with a 
20-mm cannon and a remotely controlled 
7.62-mm (0.3-in) machine-gun, the. Italian 
19,000-kg (41,887-Ib) IVECO/OTO Melara 
VCC-80 with a 25-mm cannon, the Italian 
14,650-kg (32,297-Ib) OTO Melara C13 with a 
20- or 25-mm cannon, the Swiss 22,300-kg 
(49, 162-Ib) MOWAG Improved Tornado with 
a 25-mm cannon, the Soviet 14,600-kg 
(32,187-Ib) BMP-2 with a 30-mm cannon, and 
the US 49,800-Ib (22,590-kg) FMC M2 
Bradley with a 25-mm cannon and a two-tube 
launcher for seven Hughes BGM-71 TOW 
anti-tank missiles. 

Such reconnaissance vehicles and MICVs 
can in no way replace the tank under condi- 
tions of high-intensity warfare, but certainly 
have an important role to play as a tank sub- 
stitute under the current peacekeeping and 
other low-intensity warfare conditions. 


The dicappoarance of the USSR anu its 
allies as a threat to the other superpower bloc 
headed by the USA has eased world ten- 
sions, but has certainly not done anything to 
reduce the number of smaller wars, which 
have indeed flared in many areas. Quite 
apart from those in the southern republics of 
the erstwhile USSR and in the former 
Yugoslavia, the mid-1990s is witnessing war- 
fare in Rwanda and Aden, and 1991 saw a 
Successful UN-led effort to expel the Iraqi 
forces which had invaded and occupied 
Kuwait in 1990. 

The front-line between the Iraqis and the 
US coalition extended west from Kuwait in 
ideal terrain for tank fighting, and the area 
witnessed the world's greatest ever concen- 
tration of armour. Yet there was to be little 
tank-against-tank combat, for Iraq's ability to 
wage a sustained land battle was virtually 
eliminated by the coalition's overwhelming air 
strength even before the coalition launched 
its 100-hour land offensive on 4 February 
1991. Spearheaded by US, British, French, 
Saudi Arabian and Egyptian armoured units, 
the coalition army. Swept forward against neg- 
ligible opposition and scored an overwhelm- 
ing victory. 

The war with Iraq saw the heaviest 
armoured fighting since the Second World 
War, but was so one-sided that few lessons 
could be drawn from it. Even so, the fighting 
confirmed that the tank is still very far from 
dead. 
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Organization of Tank Divisions in UK, USA, Germany, Italy, 


France, USSR and China 


1 British Armoured Organization, May 1939-May 1945 


May 1939 Armoured Division 


Three Armed Regts Mot Bn Three Inf Bns 
(Mot or Lor) 


Regts 
Atk Regt 
LAA Regt 


HQ Armd Div 
HQ Lt Armd Bde Hy Arm Bde HO Sp Gp 
l 
RHA Regt 
Three Lt Armd Regts Three Hy Armd 
“ Regts or Bns ВТВ LAAJAtk Regt 
Two Mot Bns 
Fd Sqn RE 
Fd Pk Tp RE 
April 1940 Armoured Division 
HQ Armd Div 
HQ Armd Bde HQ Armd Bde HO Sp Gp HQ Div RE 
Three Armd Regts Three Armd Regts RHA Regt Fd Sqn RE 
LAAVAtk Regt Fd PkTpRE 
Two Mot Bns 
August 1942 Armoured Division (Middle East) 
HOArmdDiv 
і 
Атас Regt HOArmdBde HQInf Bde HO DivRA HQ Div RE 
(Mot or Lor) 
ThreeRHA(orFd) | Two Fd Sans RE 


Fd Pk Sqn RE 
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' 
March 1944 Armoured Division 


HQ Armd Div 
ArmdRecce — HQArmdBde HQ Inf Bde Indep HQ Div RA HQ Div RE 
Regt MG Соу 
(Type B) 
Three ArmdRegts Three Inf Bns RHA Regt FdRegt(SP) Two Fd Sans RE 
Mot Bn. (towed) LAARegt Br Tp RE 
Atk Regt Fd Pk Sqn RE 
=| 
May 1945 Armoured Division 
HQ Armd Div 
Armd Regt HQ Armd Bde HQ Inf Bde Indep HQ Div RA HQ Div RE 
(Type A) MG Coy | 
Three Armd Regts -Three Inf Bns RHA Regt Atk Regt Two Fd Sqns Re 
MOT Bn (towed) LAA Regt Br Tp RE 
Fd Regt (SP) Fd Pk Sqn RE 
= 
[1980s Armoured Division 
HQ Armd Div 
HQ & Signal Regt 
PR RENE ON ЖОНЕ EE e 
Armd Armd Armd Armd Arty Engineers 
Bde Bde Bde Reconnaissance 
Regt 
ArmdRegt Mechanized Mechanized FldEngineer Fid Support 
InfBn Inf Bn Regt San 
Abbot Abbot M109A2 
Fid Fid Fid 
Regt Regt Regt 
ААС Тгапзроп! Two Armd Fid Ordnance Two Armd Two Provost 
Regt Regt Ambulances Bn Workshops Coys 
380 үч. 
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2 US Army Armored Organization, 1940-1980s 


1940 Armored Division 


HQ Armored Division | 
Reconnaissance Armored Infantry Artillery 
Bn Bde Regt Regt 
| 
Light Tank Light Tank Medium Tank Inf Bn Inf Вп Bn Bn 
Regt Regt Regt (105-mm/4.13-in 
H | SP howitzers) 
Bn Bn Bn Bn Bn Bn Bn Bn 
(M3 light (МЗ medium 
tanks) tanks) 
1941 Armored Division ] 
HQ Armored Division 
Reconnaissance Armored ^ Armored Armored Artillery — Artilery Artillery 
Bn Regt Regt Infantry Bn Bn Bn 
Regt 
Light Medium Medium Inf Bn Inf Bn Inf Bn 
Tank Tank Tank 
Bn Bn Bn 
E 
IE Armored Division 
HQ Armored Division 
| [ | [| 
Reconnaissance Tank Tank Tank Armd = Armd Armd Arty Arty Arty 
Bn Bn Bn Bn Inf Inf Inf Bn Bn Bn 
(medium tanks) Bn Bn Bn (105-mm/4.13-in 
SP howitzers) 
Combat Combat Combat 
Command Command Command 
но но HQ 
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1947 Armored Division HO Armored Division 
Reconnaissance Medium Medium Medium Heavy Armd Armd Amd Amd 
Bn Tank Так Так Tank inf Inf Inf Inf 
Bn Bn В Bn Вп Bn Bn Bn 
Combat Combat Combat Ary Апу Arty Arty Arty 
Command ^ Command Command Bn Вп Bn Bn Bn 
A B © (105-mm/4.13 in (155m/.— (40-mm SP} 
SP howitzers) 6.14п5Р anti-aircraft 
howitzers) guns) 
= 
1980 Armored Division 
HQ Armored Division 
Three Armd Armd Combat Engineer Signals Medical i 
Bde HQs Cav Sqn AvnBn Bn Bn Bn 
Six Tk Bns Five Maintenance SandTBn MP coy ОмАпу 
Mechanized Bn 
Inf Bns 
Three FdArtyBns — FdArtyBn ADBn 
(M109A1 (M110A1 8.in 
155mm SP howitzers) SP howitzers) | 
3 German Panzer and Light Divisions, 1935-43 
nd 
1935 Panzer Division 
HQ Panzer Division 
Tank Bde Motorized Arty Regt — A/TankBn Recce Bn 
Infantry Bde 24 x 105-mm Towed ^ Armdcars 
(4.13-in) 37mm and MICs 
howitzers guns 
Tank Regt Tank Regt Engineer 
Coy 
Infantry Regt 
Tank Tank Tank Tank Mean 
Coy Coy Coy Coy 
1 
32 PzKptw Infantry Bn Infantry Bn 
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1938 Light Division HQ Light Division 
Tank Regt Motorized Infantry Artillery, Engineers 
Brigade etcas for the first 
ки six Panzer divs 
Tank Tank Tank Inf Regt MIC Bn 
Bn Bn Bn 
OR twolnf Regts each 
oftwo Inf Bns, and 
Inf Bn Inf Bn Inf Bn no MIC bn 
1940 Panzer Division 
НО Panzer Division 
Tank Regt Infantry Bde Arty Eng Bn 
| 
I | 
тапк тапк Tank — Infantry Infantry MIC 
Bn Bn Bn Regt Regt Bn 
Light Light Med Infantry FdAty — MedAry —A/fkBn ААВп 
TkCoy — TkCoy — TkCoy Bn 24 x 24 x Somm — 88mm 
PzKpfw Ill PzKpfwlV Infantry ya mm кен (towed)  {846)у 
50-mmguns ^ 75-mmguns Вп (41310) (59140) (towed) 
howitzers howitzers 
1943 Panzer Division 
HQ Panzer Division 
Tank Regt Panzergrenadier Panzergrenadier Artillery. Eng Bn 
Regt Regt 
TankBn TankBn Bn Bn Bn Вп 
‘Armd halftrack truckborne 
carriers 
Regt Regt Regt AA Regt ATK 
105mm 105mm 150mm 88mm Regt 
(4.1840) SP (4.13-in) (691-in) (3.46:n) Jagdpanzer 
howitzers towed howitzers towed howitzers towed guns vehicles 
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4 Italian Armoured Division, February 1942 


HQ Armoured Division 
Medium Tank Regt Mot Inf Regt Artillery Regt Divisional Troops 
M.13Bn M.13Bn Mot inf Mot Inf Mortar Bn SP 149-mm Enginoor 
Bn Bn Group Bn 
SP 75-mm SP 75-mm Truck 75-mm Truck 75-mm Truck 88-mm AA Bn 
Group Group Group Group 
L 


5 Armoured Formations and Organizations in the French Army, 1917-1980 


1917 CA Schneider and St. Chamond 1918 Renault FT ] 
Groupement Régiment 
Battalion Battalion (Battalion) 
Groupe Groupe Groupe (Groupe) 
Coy Coy Coy 
25 

Battery Battery Battery Battery Renault 

ee FT tanks 
1934 Division Légére Mécanique (DLM) 
Reconnaissance Bn Tank Infantry Artillery Engineer Services 
Brigade Brigade Regt Bn 
(Towed 
guns) 

San San $ап San 

Armd Armd Motor Motor 

cars cars cycles cycles Bn Bn Bn 

Tank Tank Tank Coy Infantry Infantry Heavy 
Regt Regt Coy Motor Coy Coy Weapons 
(80 Tanks) cycles (truckborne) Coy 
384 
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1939 Division Cuirassée (DCR) 


Demi-Brigade Demi-Brigade Motorized Artillery 
Infantry 
Bde 
Battalion Battalion Groupe Groupe 
(34 В tanks) (45 Hotchkiss (12guns) (12guns) 
light tanks) 


1943 Division Blindée (DB) 


CombatCommand ^ CombatCommand ^ Combat Command Regt Recce Regt 
Tank (Мя атта 
| | Destroyers carsand 
Bn Bn Regt (M10) М5 light 
(M4 tanks) (M4 tanks) (105-mm/4.13-in SP tanks) 
howitzers) 


1955 Division Mécanique Rapide (DMR) 


fe ra веза инле aA Int Engnr Arty 
(EBR ‘Armes (RIA) Regt Bn 
armd cars) 
Regt Regt 
АА (105-mm/ 
HOSqn Recce Tank Tank Infantry Infantry Biy(I20mm! guns — 4134nSP 
San Sqn бап Coy Coy 4.72-in mortars) howitzers) 


(jeeps) (AMX-13) 


1980 Division Blindée 
ba 

| | 
Recce Tank Tank Mech inf Mech Inf Arty АПК 
San Regt Regt Regt Regt Regt Coy 

Four batteries 
Two Tank (24 155-mm GCT SP guns, 
FourTankSqns Mech Sqn eave 10AMX-13 DCA AA) 


54 AMX-30, 19 Атх-10! 
f шы (20 AMX-30,44 AMX-10P) 


[ 
Engineer Regt 
(10AMX-13 ОСА AA) ln 


[ | | 
Signals Coy Medical Coy Maintenance Bn Transport Coy Police Coy 
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6 Soviet Tank Organization 1940-1980s 


1940 Tank Division 


HQ Tank Division 


Regt Regt Regt Regt 
(mechanized) 


Tank Tank Inf Arty Tank Regt Int Regt 


1940 Motor Rifle Division 


HO Motor Rifle Division 


InfRegt Апу Regt 


1942 Tank Brigade 
HQ Tank Bde 
Mixed Mixed Mixed ^ Motorized АТК Mortar Ronco AA 
TkBn TkBn TkBn — InfMGBn Coy Coy Bn Bn 
1944 Tank Corps 
HQ Tank Corps 
Reece Tank Tank Tank Motor Rifle MIC 
Bn iii Bde Bde Bde Bn 
Mixed Mixed Mixed Two Assault Heavy (Heavy 
Tank Bn Tank Bn Tank Bn Gun Regts Tank Bn Tank Bn) 
Tank Coy Tank Coy TwoArt AABn Rocket- Mortar 
(107-345) Regts (towed launcher Bn 
(towed guns) guns) Bn 
1945 Tank Division 
HQ Tank Division 


| 
[xl vu. uv xxt d 


Medium Medium Medium Heavy Artillery AA 


TankBde Tank Tank Tank Regt Regt 
(T-34/85 Bde Bde Regt (122-mm/ 
tanks) (JStanks) 4.8.in 
towed 
Recce Bn guns) 


Heavy 
Mortar 
Regt 


Rocket 
launcher 
Regt 


Services 
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1945 Motor Rifle Division 
HQ Motor Rifle Division 
Recce МоіогАйіе Motor Rifle Motor Rifle Heavy Rocket- Services Artillery 
Bn Regt Regt Regt Mortar launcher Regt 
Regt Regt (122-тт/ 
484п 
Medium ^ Motor Motor Motor towed 
Tank Rifle. Rifle Rifle ^ Medium Heavy АА guns) 
Bn Regt Regt Regt Tank Regt Tank Regt Regt 
1980s Tank Division 
HQ 
П 
[ Ї Ї T Ї 
Вессе Tank Tank Tank Motorized Div Arty 
Bn Regt Regt Regt Rifle Regt 
(10PT-76) (95 medium tanks) 
ArtyRegt ObsCoy | AARegt 
Three Three 
Tank Bns Motorized RL FROG 
Rifle Coys Вп Bn Bn Bn 
(18122 mmguns, 
[ T T towed) 
Tank Bn Motorized Motorized Motorized Bn 
(40 medium Rifle Bn Rifle Bn Rifle Bn (18 152 тт 
tanks) SP guns) 
Engr Bn Sigs Bn Med Bn Maint Bn TptBn ChemDefBn — MPpl 
7 Chinese Armoured Organization 
1980 Armoured Division 
HQ 
HQ Coy 
T T T T | 
Recce Соу Тапк Тапк Тапк Mechanized AA Arty Regt 
(10 light Regt Regt Regt Inf Regt Bn (32 guns) 
tanks) (104 tanks) (85 light tanks) 
Bn Bn Bn Bn Вп Bn Signals CW Engr Guard 


Bn C Bn Coy 
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air-to-surface rockets 362-3, 372 

‘Anglo-American Tank Mk VIII 
Liberty 26-28 

Anglo-American Vickers/FMC VFM 
5 light battle tank 358, 373 

‘Anglo-German Main Battle Tank 
Mk 7 373 

Arab-Israeli wars (1947/48 and 
1956) 293 

Argentina/W Germany Thyssen 
Henschel TAM medium tank 
235, 323 

Australian Cruiser Tank Sentinel 
251,253 

Austria: 
Steyr SK105/A1 Kürassier light 
tank 352, 370 

Battle of Cambrai (20 November 
1917) first use of tanks ina 
homogeneous mass 21-22, 52 

Battle of El Alamein 176, 204 

Battle of Flers-Courcelette (15 
September 1916), first use of a 
tank in action 17, 52 

Battle of Kursk (world's largest 
tank battle ~ July 1943) 154, 157 

‘Battle of the Bulge’ (December 
1944) 162 

‘Big Willie’ 14 

Blitzkrieg (lightning war) 106, 109, 
142-73 

Brazil: 
Bernardini MB-3 Tamoio battle 
tank 329 

X1A2 light tank 354 

Engesa EE-T1 Osorio main 
battle tank 234, 328-9 

Brillié, Eugene 34 

Bullock Creeping Grip Caterpillar 
tractors 11, 12 

Canada: 
Cruiser Tank Grizzly | 253 

Ram Mk | and 11 252-4 

Carden, Sir John 66, 69, 70 

cargo-carrying round 359 

Cassali, Capitano Luigi 47 

China: 
Light Amphibious Tank Type 63 
356 


Main Battle Tank Type 59 348 


Type 69-II 350-1 
Type 80 351 

Christie suspension 67, 68, 103, 
240 

Christie, J. Walter 96, 100 

Churchill, Winston (to become Sir 
Winston) 10, 11, 16 

CLB 75 (C.L. Best Tractor 
Company) 49 

cluster bombs 364-5 

cuirasse terrestre (land battleship) 


Czechoslovakia: 
CKDPraga P-Il (LT-34) light 
tank 119 

ST-39 medium tank 126 
TNHP-S or LT-38 light tank 123 
17-35 (Skoda S-Ila) light tank 
121 
LT-38 light tank 122 
LTL-H (TNHP) prototype light 
tank 122, 123 
LTL-P light tank 123 
Skoda Model T-11 or LT-35 
(LTM-35) S-Ila light tank 125 

de Gaulle, Col. Charles 77 

Elles, Major Hugh (to become 
Gen. Sir Hugh) 16, 69 

ERA (Explosive Reactive Armour) 
369-70 

ERAM (Extended Range Anti- 
armor Mine) (USA) 358 

Estienne, Col. J.E. 34, 38, 39, 54 

Experimental Mechanized Force 


56 
FFAR (Folding-Fin Air Rocket) 363- 
4 


Franco-German Clovis multi-role 
combat tank 373 

France: 
AMX-10P mechanized infantry 
combat vehicle 362 
AMX-10RC reconnaissance 363 
Artillerie d'Assaut, 34, 73 
Auto-Mitrailleuse de Combat 35 
(Renault Type ACG1) light 
(cavalry) tank 84 
Auto-Mitrailleuse de 
Reconnaissance (AMR) 33 
(Renault Type VM) light. 


(cavalry) tank 81, 82, 83 

35 (Renault Type ZT) light 
(cavalry) tank 81, 82 
Char d'Assaut 1 (CA1) 
Schneider 34-35 
Char 1 'Char de Rupture' 
(breakthrough tank) 42 

AMX-13 light tank 225, 265-7 

АМХ-50 heavy tank 264-5 

B1-bis heavy tank 75, 76, 77 

B1-ter 76 

Canon Renault FT17 40 

D series 80-81 

D1B Renault medium 
(infantry) tank 80 

D2 Renault 81 

de Transition ARL-44 heavy 
tank 264 

Démineur (mine clearer) 41 

Fascine (trench filler) 41 

FCM 2C heavy tank 73, 74 

Léger FCM-36 79 

Léger Hotchkiss H-35 light 
(cavalry) tank 79 

Léger Renault R-35 light tank 
77, 78, 79 

Mitrailleuse Renault FT17 39 

Mitrailleuse Renault FT31 41 

Moyen AMX-38 81 

NC 42 

Renault NC1 76 

Renault NC2 76 

Projecteur (internal-security 
searchlight vehicle) 41 

St Chamond 36-38 

St Chamond de 
Ravitaillement 38 

Schneider de Ravitaillement 


36 
ERC 90 F1 Lynx armoured car 
368 

GIAT AMX-30/32/40 main battle 
tank 224, 234, 314-19 

GIAT AMX-48 Leclerc main 
battle tank 319 

Renault FT light tank 38-41, 49 
Renault Type VM (AMR 33R) 81, 
82, 83 

Renault Type ZT (AMR 35R) 81, 
82 


SOMUA S-35 medium tank 81, 
84, 85, 86 
SOMUA 5-40 medium tank 86 
French Strim LRAC 89 anti-tank 
rocket 360. 
Fuller, Col. J.F.C. 33, 53, 54, 62, 
101, 106 
Germany: 
Bergepanzer Tiger Aust E 
(SdKtz 185) recovery vehicle 
160 
Beutepanzerwagen IV 22-23 
Bremen Marien Wagen 42 
Flammpanzer Il (SdKfz 122) 111 
Flammpanzer Ill (SdKfz 141/3) 
flamethrower 147 
Gelándespanzerwagen (all 
terrain armoured vehicle) 42 
Grosskampfwagen ('K-Wagen') 
45, 46 
Grosstraktor 106, 107 
Jagdpanther 155 
Kónigstiger (King Tiger) also 
known as Royal Tiger 161 
Krauss-Maffei/Krupp MaK 
Leopard main battle tank 230, 
231, 297, 306-14, 314, 324 
Leichte Kampfwagen LK | 46 
LK II 47 
LK II 47 
Leichte Traktor VK31 106 
Marder heavyweight 
mechanized infantry combat 
vehicle 367 
Panzerbefehlswagen Ill (Sdkfz 
266, 267 and 268) command 
tank 147 
Panzerbefehlswagen Tiger Ausf 
E (SdKfz 267/268) command 
tank 160 
Panzerbeobachtungswagen III 
(SdKtz 143) armoured 
Observation vehicle 147 
Panzerjäger Panther (SdKfz 
173) 155 
Tiger (Р) Ferdinand (Sdktz 
184) 157 
Tiger Aust B 163 
PzKplw (Panzer Kampfwagen) 
NbFz A 108 
(Tauchfáhig) submersible 
tank 147 
35(t) (ex-Czech LT-35) 126 
38(t) (ex-Czech TNHP) light 
tank 124 
E100 163-5 
| Ausf A (Sdkfz 101) 109 
| Ausf B (SdKfz 101) light tank 
109, 110 
11 Ausf A (SdKfz121) 111 
1! Ausf B (SdKfz 121) 111, 
113 


Il Ausf C (SdKfz 121) light 
tank 111 

Il Ausf D (SdKfz 121) 111 

Il Ausf E (SdKfz 121) 111 

Il Ausf F 112 

Il Aust G 112 

Il Aust J 112 

1! Ausf L Luchs (lynx) (SdKfz 
123) 112 

Ill Ausf A (SdKfz 141) battle 
tank 114 

1! Ausf B 114 

IIl Ausf C 114 

1! Ausf D 114 

Il Ausf E 114, 143 

Ill Ausf F 115, 144 

lll Ausf G 115 

Ill Ausf H 143, 144 

IIl Ausf J 144 

Ill Ausf L 115, 145 

IIl Ausf M 145 

Ill Ausf N 145, 146, 147 

IIl battle tank 113, 114 

WV (SdKfz 161) 116 

IV 115, 150 

IV Aust A 116 

IV Ausf B 116 

IV Ausf C 117 

IV Ausf D (4/BW) (SdKfz 161) 
battlefield support tank 116, 117 

IV Ausf E 117 

IV Ausf F (SdKtz 161/1) 148 

IV Ausf F2 148, 149 

IV Ausf G 149 

IV Ausf H (SdKfz 161/2) 149 

IV Ausf J 149-50 

IV medium tank 113, 116 

Maus 163-5 

V Panther (SdKfz 171) 152 

V Panther 149-55 

V Panther Ausf A 152, 153 

V Panther Ausf D 153 

V Panther Ausf G (SdKfz 171) 
154, 155 

VI Tiger 145-63 

VI Tiger Ausf E (SdKfz 181) 
157-60 

VI Tiger Ausf H (SdKfz 181) 
157 
VI Tiger Il Ausf B (SdKfz 182) 

"Kónigstiger' 161-3 

Vil heavy tank 150, 156 

Radarpanzer TUR 369 

Sturmgeschütz IIl (SdKfz 142/1) 

assault guns 146 

Sturmhaubitze 42 (SdKfz 142/2) 

147 

Sturmpanzerwagen A7V 42-45 

Sturmtiger assault weapon 160 
Great Britain: 

АЕТ ‘Independent’ heavy tank 

prototype 64-65 


A665 
A7 65 
A7E1 65 
A7E265 
A7E365 
Alvis FV101 Scorpion CVR(T) 
229, 230, 352-3 
Chieftain ARV 302, 303 
AVLB 302 
Churchill AVRE 189-91 
Cruiser Tank (A9) 65-67, 174 
Centurion (A41) Mk 1-13 223, 
255-62 
Challenger (A30) 181-2 
Comet (A34) 182-3 
Mk I CS (А9) 66 
Mk IIA (A10) 67 
Mk III (A13-Mk 1) 68 
Mk IV (A13 Mk II) 68, 174 
Mk IV (A13 Mk II) 174 
Mk V Covenanter IV (A13 Mk 
її) 69, 174 
Mk VI Cavalier (A24) 178 
Mk VI Crusader | (А15) 69, 
174-7 
Mk VIA Crusader II 176 
Mk VIA Crusader IICS 176 
Mk VI Crusader Ill 176 
Mk VII Cavalier (A24) 178 
Mk VIII Centaur (A27L) 178-9 
Mk VIII Cromwell (A27M) 179- 
81 
Crusader ARV recovery vehicle 


Bulldozer 176 

Gun Tractor 176 

III (OP) artillery observation 
vehicle 176 

Ill AA anti-aircraft vehicle 176 
‘English Workman’ tanks (for 
USSR) 64 
Heavy Assault Tank (A33) 182 

Tortoise (A39) 191-3 
Heavy Tank Conqueror (FV214) 
262-3 

TOG 191-2 
Infantry Assault Tank Valiant 
(A38) 185 
Infantry Close Support (ICS) 
Tetrarch 59-60 
Infantry Tank Churchill 
Crocodile flamethrower 190, 191 

Conqueror (A45) 255 

Matilda Il (A12 M II) 174 

MK | Matilda I (A11) 69, 70, 
174, 183 

Mk ICS Churchill Bridgelayer 
(A22) 190 

Mk II Matilda II (A12) 70, 73, 
174, 183 

Mk II Matilda IIl (A12) 71 

Mk Ill Valentine 71, 72, 183-5 
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Mk IV Churchill (A22) 185-9 

Mk IV Churchill VII (A22F) 188 
Light Infantry Tank 61 
Light Tank A3E1 56-57 

Mk 1 57, 

Mk IA 57 

Mk 1157 

Mk IIA 57 

Mk IIB 57 

Mk IIB (India Pattern) 58 

Mk V 58 

Mk VI 59, 174 

Mk VIA 59 

Mk VIB 59 

Mk VIC 59 

Mk VII Carden-Loyd 57 

Mk VII Tetrarch 59, 60 

Mk VIII Carden-Loyd/Vickers 
57 

Mk VIII Harry Hopkins 59, 60 

Model 1933 61 

Vickers Experimental Model 
1933 India Pattern No.1 58 
Main Battle Tank Challenger 
(FV4030/4) 228, 304-6 

Chieftain (FV4201) 226, 227, 
295-303 

Vickers 226, 293-5 

Vickers Mk З 359 

Vickers Mk 7 373 
Matilda AMRA Mk IA roller tank 
TE 
Matilda Carrot roller/explosive. 
tank 71 
Matilda Scorpion Mk I mine- 
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it was the tank, more than any other weapon, that made possible Hitler’s ШЕ, 
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